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ADDRESS OF THE PRESIDENT OF THE 
MATHEMATICAL AND PHYSICAL 8EO- 
TION OF THE BRITISH ASSOCIATION 
FOR THE ADVANCEMENT OF 
SCIENCE * 

I PROPOSE to use the opportunity af- 
forded by this address to explain a dynam- 
ical theory of the shape of the earth, or, 
in other words, of the origin of continents 
and oceans. 

The theory which has for more than a 
century been associated with the phrase 
‘‘the figure of the earth’’ is the theory of 
the shape of the surface of the ocean. 
Apart from waves and currents, this sur- 
face is determined by the condition that 
there is no up and down upon it. This 
condition does not mean that the surface is 
everywhere at the same distance from the 
center of the earth, or even that it is every- 
where convex, but that a body moving upon 
it neither rises against, nor falls in the 
direction of, gravity (modified by the rota- 
tion). A surface which has this character 
is called an equipotential surface, and the 
surface of the ocean coincides with part of 
an equipotential surface under gravity 


modified by the rotation. This particular. 


equipotential surface runs underground 
beneath the continents. It is named the 
‘‘geoid.’’ The height of a place above sea- 
level means its height above the geoid. If 
we knew the distribution of density of the 
matter within the earth it would be a math- 
ematical problem to determine the form of 
the geoid. As we do not know this distri- 
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bution we have recourse to an indirect 
means of investigation, and the chief in- 
strument of research is the pendulum. The 
time of vibration of a pendulum varies 
with the place where it is swung, and from 
the observed times we deduce the values of 
gravity at the various places, and it was 
shown many years ago by Stokes that the 
shape of the geoid can be inferred from the 
variation of gravity over the surface. 
The question to which I wish to invite 
your attention is a different one. If the 
ocean could be dried up, the earth would 
still have a shape. What shape would it 
be? Why-should the earth have that shape 
rather than some other? In order to de- 
scribe the shape we may imagine that we 
try to make a model of it. If we could 
begin with a model of the geoid we should 
have to attach additional material over the 
parts representing land and to remove 
some material over the parts representing 
sea. Our model would have to be as big 
as a battleship if the elevations and depres- 
sions were to be as much as three or four 
inches. In thinking out the construction 
of such a model we could not fail to be im- 
pressed by certain general features of the 
distribution of continent and ocean, and we 
may examine a map to discover such fea- 

















Fig.t. 


tures. Fig. 1 is a rough map of the world 
drawn in such a way that to every degree 
of latitude or of longitude there cor- 
responds the same distance on the map. 
Certain very prominent features have often 
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been remarked: the tapering of Ameriea 
and Africa towards the south, the dispro- 
portion between the land areas of the 
northern and southern hemispheres, the 
excess of the oceanic area above the conti- 
nental area, which occupies but litttle more 
than one quarter of the surface; the wide 
extent of the Pacific Ocean, which with the 
adjoining parts of the Southern Ocean 
eovers nearly two fifths of the surface. 
Another prominent feature is the antipodal 
position of continent and ocean. South 
America south of an irregular line which 
runs from a point near Lake Titicaca to 
Buenos Ayres is antipodal to a portion of 
Asia which lies in an irregular triangle 
with corners near Bangkok, Kiaochau and 
Lake Baikal; but no other considerable 
parts of the continental system have con- 
tinental antipodes. The Antarctic conti- 
nent is antipodal to the Arctic Ocean, 
Australia is antipodal to the central At 
lantic, and soon. Another notable feature 
is the skew position of South America to 
the east of North America; South America 
lies to the east of the meridian 85° west of 
Greenwich; most of North America lies to 
the west of it. But, although we may ob- 
serve prominent general features of the 
distribution, we should find it far from 
easy to attribute to the form of our imagi- 
nary model anything that could be called 
a regular geometrical figure. When we 
begin to think about the removal of ma- 
terial from the parts of the model which 
are to represent oceans and seas, we require 
a map which gives information about the 
depth of the sea in different places. 
Around all the coasts there is a margin of 
not very deep water. If some part of the 
sea could be dried up, so that more land 
was exposed around all the coasts, the area 
of the surface of the sea would be dimin- 
ished; and it is known that the depth of 
water that would have to be removed im 
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order to make the area of the sea just half 
the total area, is about 1,400 fathoms. The 
eontour-line at this depth would divide the 
surface into two regions of approximately 
equal area—the continental region and the 
oceanic region. Fig. 2 represents the con- 
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tour-line at 1,400 fathoms, or the line of 
separation of the continental and oceanic 
regions. The continental region is shaded. 
In drawing this map I have omitted a num- 
ber of small islands, and I have also 
omitted a few enclosed patches of deep 
water. Two of these are in the Mediter- 
ranean, one in the Arctic Ocean, and others 
are in the Gulf of Mexico and the Carib- 
bean Sea. The Red Sea, the Mediter- 
ranean, and the Arctic Ocean belong to the 
continental region, and so do the Gulf of 
Mexico and the Caribbean Sea. At this 
depth Asia and North America are joined 
across Behring’s Strait, and Europe is 
joined to North America across the British 
Isles, Iceland, and Greenland; Australia is 
joined to Asia through Borneo and New 
Guinea, and the Australasian continental 
region nearly reaches the Antarctic region 
by way of New Zealand. At this depth 
also South America does not taper to the 
south, but spreads out, and is separated 
from the Antarctic region by a very nar- 
row channel. By going down to great 
depths our problem is very much simpli- 
fied. We find that the surface of the earth 
ean be divided into continental and oceanic 
regions of approximately equal area by a 
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eurve which approaches a regular geo- 
metrical shape. By smoothing away the 
irregularities we obtain the curve shown in 
Fig. 3, which exhibits the surface as di- 
vided up into a continuous continental 
region and two oceanic regions—the basin 
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of the Pacific Ocean and the basin of the 
Atlantic and Indian Oceans. We may take 
our problem to be this: to account on 
dynamical grounds for the separation of 
the surface into a continental region and 
two oceanic regions which are approxi- 
mately of this shape. 

The key of the problem was put into our 
hands four years ago by Jeans in his theory 
of gravitational instability. If there are 
any differences of density in different parts 
of a gravitating body, the denser parts 
attract with a greater force than the rarer 
parts, and thus more and more of the mass 
tends to be drawn towards the parts where 
the density is in excess, and away from the 
parts where it is in defect. In every 
gravitating system there is a tendency to 
instability. In a body of planetary dimen- 
sions this tendency, if it were not checked, 
would result in a concentration of the mass 
either towards the center or towards some 
other part. But concentration of the mass 
means compression of the material, and it 
can not proceed very far without being 
checked by the resistance which the ma- 
terial offers to compression. There ensues 
a sort of competition between two agencies: 
gravitation, making for instability, and the 
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elastic resistance to compression, making 
for stability. Such competing agencies are 
familiar in other questions concerning the 
stability of deformable bodies. A long 
thin bar set up on end tends to bend under 
its own weight. <A steel knitting-needle a 
foot long can stand up; a piece of thin 
paper of the same length would bend over. 
In order that a body may be stable in an 
assigned configuration there must be some 
relation between the forces which make for 
instability, the size of the body, and the 
resistance which it offers to changes of size 
and shape. In the case of a gravitating 
planet we may inquire how small its resist- 
ance to compression must be in order that 
it may be unstable, and, further, in respect 
of what types of displacement the insta- 
bility would manifest itself. If we assign 
the constitution of the planet, the inquiry 
becomes a definite mathematical problem. 
The greatest difficulty in the problem arises 
from the enormous stresses which are de- 
veloped within such a body as the earth by 
the mutual gravitation of its parts. The 
earth is in a state which is described tech- 
nieally as a state of ‘‘initial stress.’’ In 
the ordinary theory of the mechanics of 
deformable bodies a body is taken to be 
strained or deformed when there is any 
stress in it, and the strain is taken to be 
proportional to the stress. This method 
amounts to measuring the strain or de- 
formation from an ideal state of zero stress. 
If the ideal state is unattainable without 
rupture or permanent set or overstrain, the 
body is in a state of initial stress. The 
commonest example is a golf-ball made of 
india rubber tightly wound at a high ten- 
sion. Now the problem of gravitational 
instability can be solved for a planet of the 
size of the earth on the suppositions that 
the density is uniform and the initial stress 
is hydrostatic pressure. If the resistance 
to compression is sufficiently small the body 
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is unstable, both as regards concentration 
of mass towards the center and as regards 
displacements by which the density is in- 
creased in one hemisphere and diminished 
in the other. A planetary body of suf- 
ficiently small resistance to compression 
could not exist in the form of a homo- 
geneous sphere. It could exist in a state in 
which the surface is very nearly spherical, 
and the mass is arranged in a continuous 
series of nearly spherical thin sheets, each 
of constant density; but these sheets would 
not be concentric. They would be crowded 
together towards one side and spaced out 
on the opposite side somewhat in the man- 


Fig.4. Fig.S. 


ner shown in Fig. 4. The effect would be 
a displacement of the center of gravity 
away from the center of figure towards the 
side where the sheets are crowded together. 
How small must the resistance to compres- 
sion be in order that this state may be as- 
sumed by the body instead of a homo- 
geneous state? The answer is that, if the 
body has the same size and mass as the 
earth, the material must be as compressible 
as granite. Granite, as we know it at the 
earth’s surface, is not a typically com- 
pressible material. A cube of granite 10 
feet every way could be compressed from 
its volume of 1,000 cubic feet to a volume 
of 999 eubic feet by pressure applied to 
every part of its surface; but according te 
the recent measurements of Adams and 
Coker the pressure would have to be rather 
more than two tons per square inch. A 
homogeneous sphere of the same size and 
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mass as the earth, made of a material as 
nearly incompressible as granite, could not 
exist; it would be gravitationally unstable. 
The body would take up some such state of 
aggregation as that illustrated in Fig. 4, 
and its center of gravity would have an 
eecentrie position. 

Now how would an ocean rest on a 
eravitating sphere of which the center of 
gravity does not coincide with the center 
of figure? Its surface would be a sphere 
with its center at the center of gravity 
(Fig. 5). The oceanic region would be on 
one side of the sphere and the continental 
region on the other side. It was pointed 
out many years ago by Pratt that the exist- 
ence of the Pacific Ocean shows that the 
center of gravity of the earth does not 
coineide with the center of figure. There 
is no necessity to invoke some great catas- 
trophe to account for the existence of the 
Paeifie Ocean, or to think of it as a kind 
of pit or sear on the surface of the earth. 
The Pacifie Ocean resembles nothing so 
much as a drop of water adhering to a 
greasy shot. The foree that keeps the 
drop in position is surface tension. The 
force that keeps the Pacifie Ocean on one 
side of the earth is gravity, directed more 
towards the center of gravity than the 
center of figure. An adequate cause for 
the eceentrie position of the center of 
gravity is found in the necessary state of 
aggregation which the earth must have 
had if at one time it was as compressible 
as granite. The theory of gravitational in- 
stability accounts for the existence of the 
Pacifie Ocean. 

But we ean go much farther than this 
in the direction of accounting for the con- 
tinental and oceanic regions. We keep in 
mind the eccentric position of the center 
of gravity, and try to discover the effect 
of rotation upon a planet of which the 
center of gravity does not coincide with 
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the center of figure. The shape of a ro- 
tating planet must be nearly an oblate 
spheroid ; but the figure of the ocean would, 
owing to its greater mobility, be rather 
more protuberant at the equator than the 
figure of the planet on which it rests. The 
primary effect of the rotation of the earth 
upon the distribution of continent and 
ocean is to draw the ocean towards the 
equator, so as to tend to expose the arctic 
and antarctic regions. We have seen that 
both aretic and antarctic are parts of the 
continental region. But there is an im- 
portant secondary effect. Under the in- 
fluence of the rotation the parts of greater 
density tend to recede further from the 
axis than the parts of less density. If the 
density is greater in one hemispheroid than 
in the other, so that the position of the 
eenter of gravity is eccentric, the effect 
must be to produce a sort of furrowed sur- 
face; and the amount of elevation and de- 
pression so produced can be deseribed by 
an exact mathematical formula. It has 
been proved that this formula is the sort 
of expression which mathematicians name 
a spherical harmonic of the third degree. 
The shape of the earth is also influenced 
by another circumstance. We know that 
at one time the moon was much nearer to 
the earth than it is now, and that the two 
bodies once rotated about their common 
center of gravity almost as a single rigid 
system. The month was nearly as short as 
the day, and the moon was nearly fixed in 
the sky. The earth must then have been 
drawn out towards the moon, so that its 
surface was more nearly an ellipsoid with 
three unequal axes than it is now. The 
primary effect of the ellipsoidal condition 
upon the distribution of continent and 
ocean would be to raise the surface above 
the ocean near the opposite extremities of 
the greatest diameter of the equator. But, 
again, owing to the eccentric position of 
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the center of gravity, there would be an 
important secondary effect. The gravita- 
tional attraction of an ellipsoid differs from 
that of a sphere, and it may be represented 
as the attraction of a sphere together with 
an additional attraction. If the density 
was greater in one hemi-ellipsoid than in 
the other, the additional attraction would 
produce a greater effect in the parts where 
the density was in excess, and the result, 
just as in the case of rotation, would be a 
furrowing of the surface. It has been 
proved that the formula for this furrowing 
also is expressed by a spherical harmonic 
of the third degree. 

We are brought to the theory of spher- 
ical harmonies and the spherical harmonic 
analysis. Spherical harmonies are certain 
quantities which vary in a regular fashion 
over the surface of a sphere, becoming 
positive in some parts and negative in 
others. I spoke just now of making a 
model of a nearly spherical surface by 
removing material from some parts and 
heaping it up on others. Spherical har- 
monies specify standard patterns of de- 
formation of spheres. For instance, we 
might remove material over one hemis- 
phere down to the surface of an equal 
but not concentric sphere (cf. Fig. 5) and 
heap up the material over the other hemis- 
phere. We should produce a sphere equal 
to the original but in a new position. The 
formula for the thickness of the material 
removed or added is a spherical harmonic 
of the first degree. It specifies the simplest 
standard pattern of deformation. Again, 
we might remove material from some parts 
of our model and heap it up on other parts 
so as to convert the sphere into an ellipsoid. 
The formula for the thickness of that 
which is removed or added is a spherical 
harmonic of the second degree. Deforma- 
tion of a sphere into an ellipsoid is the 
second standard pattern of deformation. 
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The mathematical method of determining 
the appropriate series of standard patterns 
is the theory of spherical harmonies. Its 
importance arises from the result that any 
pattern whatever can be reached by first 
making the deformation according to the 
first pattern, then going on to make the 
deformation according to the second pat- 
tern, and so on. If we begin with a pat- 
tern, for instance the shape of the earth, 
which is not a standard pattern, we can 
find out how great a deformation of each 
standard pattern must be made in order 
to reproduce the prescribed pattern. The 
method of doing this is the method of 
spherical harmonic analysis. Except in 
very simple cases the application of it in- 
volves rather tedious computations. With 
much kind assistance and encouragement 
from Professor Turner, I made a rough 
spherical harmonic analysis of the earth’s 
surface. I divided the surface into 2,592 
small areas, rather smaller on the average 
than Great Britain, gave them the value 
+1, or one unit of elevation, if they are 
above the sea, and the value —1, or one 
unit of depression, if they are below the 
1,400-fathom line. To the intermediate 
areas I gave the value 0. The distribu- 
tion of the numbers over the surface was 
analyzed for spherical harmonies of the 
first, second, and third degrees. 

Any spherical harmonie of the first de- 
gree gives us a division of the surface into 
two hemispheres—one elevated, the other 
depressed. The spherical harmonic an- 
alysis informs us as to the position of the 
great circle which separates the two hemis- 
pheres, and also as to the ratio of the 
maximum elevation of this pattern to the 
maximum elevation of any other pattern. 
The central region of greatest elevation of . 
this pattern is found to be in the neigh- 
borhood of the Crimea, and the region of 
elevation contains the Arctic Ocean and 
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the northern and central parts of the 
Atlantic, Europe, Africa, Asia, most of 
North America, and a small part of South 
America. When the surface is mapped on 
a rectangle in the same way as before, the 
chart of the harmonic is that shown in 
Fig. 6.2. The actual disproportion between 
the amounts of continental area in the 
northern and southern hemispheres is as- 
sociated with the result that the central 
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Fig.6. 


region of elevation, as given by the 
analysis, is about 45° north of the equator; 
and the extension of the Pacifie Ocean and 
adjoining Southern Ocean to much higher 
southern than northern latitudes is asso- 
ciated with the corresponding position of 
the central region of greatest depression 
about 45° south of the equator. In re- 
gard to harmonies of the second degree, the 
spherical harmonic analysis informs us as 
to the ellipticity of the equator and the 
obliquity of the principal planes of that 
ellipsoid which most nearly represents the 
elevation of the surface above or its depres- 
sion below the surface of the ocean, or the 
geoid. The result is an equatorial region 
of depression, which spreads north and 
south unequally in different parts and 
forms a sort of immense Mediterranean, 
containing two great basins, and separating 
a northern region of elevation from a 
southern. The northern region of eleva- 

*In this figure, and in the following figures, 


regions of elevation are shaded, and regions of 
depression are left blank. 
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tion occupies the northern part of the At- 
lantic Ocean and runs down to and across 
the equator in the neighborhood of Borneo. 
The southern region of elevation occupies 
the southern part of the Pacifie Ocean, and 
it runs up to and across the equator in the 
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neighborhood of Peru. The chart of the 
harmonie is shown in Fig. 7. The equa- 
torial regions of elevation given by the 
analysis are near the ends of a diameter, 
as we should expect. 

It has not been necessary to enter into a 
minute description of the harmonies of the 
first and second degrees, because they 
represent very simple things—a shifting of 
the surface to one side and a distortion of 
it into an ellipsoid. The harmonies of the 
third degree are not so familiar. There 
are essentially four of them, each specify- 
ing a standard pattern of deformation. 
The first of these, the zonal harmonic, gives 
us a division of the surface into two polar 
caps and two zones by means of the equator 
and the parallels of latitude about 51° 
north and 51° south. Alternate zones are 
depressed and elevated, as shown in Fig. 8. 





Fig.8. 
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The existence of an Antarctic continent and 
an Arctie Ocean is specially associated with 
the presence of this harmonic, and the dis- 
proportion of the continental areas in the 
northern and southern hemispheres is also 
connected with it. The second of the 
harmonies of the third degree, the tesseral 
harmonie of rank 1, gives us a division of 
the surface into six half-zones by means of 
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a complete meridian cirele and the parallels 
of latitude about 27° north and 27° south. 
Alternate half-zones are depressed and 
elevated as shown in Fig. 9. The com- 
bined effect represented by the zonal har- 
monie and the tesseral harmonic of rank 
1 is a furrowed surface with an Arctic 
region of depression extending southwards 
in the direction of the Atlantic, a zone of 
elevation which runs across the Atlantic, 
South America and Afriea, and then turns 
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Fig.10. 


northwards at either end, a zone of de- 
pression with the same kind of contour, 
and an Antarctic region of elevation which 
extends northwards in the direction of 
Australasia. These regions are shown in 
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Fig. 10. I have recorded the result of 
combining these two harmonies because 
they represent the particular effects that 
would be produced by the interaction of 
two ecauses—the rotation, and the eccentric 
position of the center of gravity. The 
third type of harmonies of the third degree, 
the tesseral harmonic of rank 2, gives us 
a division of the surface into octants by 
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means of the equator and two complete 
meridian circles. Alternate octants are ele- 
vated and depressed as shown in Fig. 11. 
We can name the octants where there is 
elevation: Asia, Australasia, North Amer- 
ica, South America. The harmonic of this 
type is certainly prominent. It is specially 
associated with the skew position of South 
America to the east of North America. 
The fourth type of harmonies of the third 
degree, the sectorial harmonic, gives us a 
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division of the surface into six sectors by 
means of three complete meridian circles. 
Alternate sectors are depressed and ele- 
vated as shown in Fig. 12. The southward 
tapering of Africa is specially associated 
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with the harmonic of this type. The com- 
bined effect of all the harmonies of the 
third degree is shown in Fig. 13. It repre- 
sents the sphere deformed into a sort of 
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irregular pear-shaped surface. The stalk 
of the pear is in the southern part of Au- 
stralia and contains Australasia and the 
Antaretie continent. This is surrounded 
on all sides but one (towards South Amer- 
ica) by a zone of depression, the waist of 
the pear. This, again, is surrounded on all 
sides but one (towards Japan) by a zone of 
elevation, the protuberant part of the pear; 
and finally we find the nose of the pear in 
the central Atlantic between the Madeiras 
and the Bermudas. I do not, however, 
wish to emphasize the resemblance of the 
surface to a pear or any other fruit, but 
prefer to describe it as an harmonic 
spheroid of the third degree. Another way 
of regarding it would be as a surface with 
ridges and furrows. From a place in the 
South Atlantic there run three ridges: one 
northwestwards across America, a second 
northeastwards across Africa and Asia, and 
the third southwards over the Antarctic 
continent, continuing northwards across 
Australia nearly to Japan. From the Sea 
of Okhotsk there run three furrows: one 
southwestwards across Japan, the Malay 
Peninsula, and the Indian Ocean; a second 
southeastwards across the Pacific; and the 
third northwards over the Arctic Ocean, 
continuing southwards by way of the At- 
lantic. Harmonies of the first and third 
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degrees have in common the character of 
giving depression at the antipodes of eleva- 
tion; the harmonies of the second degree 
give depression at the antipodes of depres- 
sion and elevation at the antipodes of eleva- 
tion. The maxima of the harmonies of the 
first and third degrees are found to be 
rather greater than the maximum of the 
harmonic of the second degree. Of three 
quantities to be added together the two 
larger ones agree in giving depression at 
the antipodes of elevation; a result which 
is in accordance with the fact that most 
continents have oceanic antipodes. 

When we superpose the effects repre- 
sented by all the various harmonics of the 
first, second and third degrees, so as to 
make, as it were, a composite photograph 
of all the various elevations and depres- 
sions represented by them severally, each 
in its appropriate amount as determined 
by the harmonic analysis, we find the curve 
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shown in Fig. 14 as the theoretical curve of 
separation between regions of elevation 
and depression which are approximately 
equal in area. I showed before a smoothed 
eurve (Fig. 3) which I proposed to take as 


‘representing the facts to be accounted for. 


The resemblance of the two curves seems to 
be striking. Incidentally it has been 
noticed how the prominent features of the 
distribution of continent and ocean are 
associated with the presence of various 
harmonies. As regards the contour of the 
great ocean basins, we seem to be justified 
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in saying that the earth is approximately 
an oblate spheroid, but more nearly an 
ellipsoid with three unequal axes, having 
its surfaee furrowed according to the 
formula for a certain spherical harmonic 
of the third degree, and displaced relatively 
to the geoid towards the direction of the 
Crimea. 

As regards the amount of elevation and 
depression in different parts, the agreement 
of the theory with the facts is not so good. 
The computed elevation is too small in 
southern Africa, Brazil and the southern 
part of South America, too great in the 
Arctie regions, to the south of Australasia, 
and in the Mediterranean region. There 
are many reasons why we could not expect 
the agreement to be very good. One is the 
the method of harmonic 
analysis that was used. But there is also 
the fact that many causes must have eon- 
tributed to the shaping of our actual conti- 
nents and oceans besides those which have 
been taken into account in the theory. It 
appears, however, that the broad general 
features of the distribution of continent 
and ocean ean be regarded as the conse- 
quences of simple causes of a dynamical 
character: eccentric position of the center 


roughness of 


of gravity, arising from a past state of in- 
adequate resistance to compression, an in- 
herited tendency, so to speak, to an ellip- 
soidal figure, associated with the attraction 
of the moon in a bygone age, the rotation, 
and the interactions of these various causes. 

In attempting to estimate the bearing of 
the theory on geological history we must be 
guided by two considerations. The first is 
that the earth is not now gravitationally 
unstable. From observations of the propa- 
gation of earthquake shocks to great dis- 
tances, we can determine the average resist- 
ance to compression, and we find that this 
resistance is now sufficiently great to keep 
in check any tendeney to gravitational in- 
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stability. The eecentric position of the 
center of gravity must be regarded as a 
survival from a past state in which the 
resistance to compression was not nearly so 
great as it is now. The second guiding 
consideration is that, according to the 
theory, the inequalities which are expressed 
by spherical harmonies of the third degree 
are secondary effects due to the inter- 
action of the causes which give rise to in- 
equalities expressed by harmonies of the 
first and second degrees. We should ex- 
pect, therefore, that the inequalities of the 
third degree would be much smaller than 
those of the first and second degrees; but 
the harmonic analysis shows that the three 
inequalities are entirely comparable. We 
must conclude that the harmonies of the 
first and second degrees which we can now 
discover by the analysis are survivals from 
a past state, in which such inequalities were 
relatively more important than they are 
now. Both these considerations point in 
the same direction, and they lead us to 
infer that certain secular changes may 
have taken place in the past, and may still 
be going on. Sixty-nine years ago Charles 
Darwin wrote: ‘‘The form of the fluid sur- 
face of the nucleus of the earth is subject 
to some change the cause of which is en- 
tirely unknown, and the effect of which is 
slow, intermittent, but irresistible.’’ Forty- 
two years later Sir George Darwin showed 
that any ellipsoidal inequality in the figure 
must be gradually destroyed by an irre- 
versible action of the same nature as in- 
ternal friction or viscosity. The same may 
be said of a state in which the center of 
gravity does not coincide with the center 
of figure when the resistance to ecompres- 
sion is great enough to keep in check the 
tendency to gravitational instability. The 
state would be changed gradually in such 
a way as to bring the center of gravity 
nearer to the center of figure. A symptom 
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of such changes might be the occurrence of 
creat subsidences in the neighborhood of 
the Crimea, where we found the maximum 
of the first harmonic. Such subsidences 
are supposed by geologists to have taken 
place in rather recent times. Symptoms 
of the diminution of the inequalities ex- 
pressed by harmonies of the second degree 
would be found in the gradual disappear- 
ance of seas forming part of the great de- 
pression which was described above as a 
sort of immense Mediterranean (c/. Fig. 7) 
in the destruction and inundation of a con- 
tinent in the northern Atlantic and in a 
eradual inerease of depth of the southern 
Pacific. The disappearance of seas from a 
vast region surrounding the present Medi- 
terranean basin, and containing the Sahara 
and southern Asia as far east as the Hima- 
layas, is one of the best ascertained facts 
in geological history; and the belief in the 
destruction of a north Atlantie continent 
is confidently entertained. In parts of the 
southern Pacifie a depression represented 
by harmonies of the third degree is super- 
posed upon an elevation represented by 
harmonies of the second degree, and we 
should therefore expect to find the depth 
of the ocean to be increasing gradually in 
this region. The region in question is that 
of the eoral reefs and coral islands, such 
as Funafuti, and the result is in accord 
with Darwin’s theory of the formation of 
coral reefs. So far as the general dis- 
tribution of the mass within the earth is 
concerned, the reduction of the inequalities 
of the first and second degrees would seem 
to have already proceeded very far; for we 
are assured by geodesists that harmonies of 
the first degree, and those of the second 
degree which do not represent the effect of 
the rotation, are far from prominent in the 
figure of the geoid—much less prominent 
than we found them to be in the distribu- 


tion of continent and ocean. We infer 
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that the inequalities of the first and second 
degrees must have been progressively 
diminished in comparison with those of the 
third degree. The general result of such 
changes would be a gradual diminution of 
the depths and extents of the oceans which 
correspond with the harmonies of the first 
and second degrees, and a compensating in- 
crease in the depths and extents of the 
oceans which correspond with the harmonic 
of the third degree. To see the character 
of the changes which would thus be brought 
about, we may examine a figure which 
shows the composite elevations and de- 
pressions that are represented by harmonics 
of the first and second degrees, and, sepa- 
rately, those which are represented by 
harmonies of the third degree. In Fig. 15 





Fig.15. 


the composite elevations of the first and 
second degrees are shaded vertically, and 
the elevations of the third degree are 
shaded horizontally. The deep parts of 
the Atlantic that border the coasts every- 
where from Brazil to Ashanti are regions 
in which a depression represented by the 
third harmonic is superposed upon an ele- 
vation represented by the other two har- 
monies, and the same is true of the deep 
parts of the Indian Ocean which border 
the shores of Africa and Asia from Mada- 
gasear to Burmah. The deep parts of the 
Pacific that border the western coast of 
America from Alaska to Chile are regions 
in which an elevation represented by the 
third harmonic is superposed upon a de- 
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pression represented by the other har- 
monies. These observations suggest that in 
the greater part of the Atlantic and the 
northern and western parts of the Indian 
Ocean the direction of secular change may 
have been that of an advance of the ocean 
to encroach upon the continental region, 
while in the Pacific Ocean on the American 
side the direction of secular change may 
have been that of a retreat of the ocean, 
permitting an extension of the continental 
region. This difference would lead us to 
expect different types of coast in the two 
regions, and such a difference has been 
observed. Whereas in the Atlantie region, 
with few exceptions, the coast cuts across 
the directions of the mountain chains, in 
the Pacific region on the American side the 
coast generally corresponds in direction 
with the neighboring mountain chains of 
the continent. The deep parts of the 
Pacific which are nearest to the Asiatic 
eoast from Kamchatka to Siam, are regions 
where a moderate depression represented 
by the third harmonic is superposed upon 
a moderate elevation represented by the 
other harmonies. These shores of the 
Pacific are distinguished by the wide 
margin which separates the deep ocean 
from the coast of the continent. It might 
perhaps be desirable to recognize in this 
region a type of coast differing from the 
two main types associated with the Atlantic 
and the American side of the Pacific. The 
analysis does not represent South Africa or 
the southern parts of South America suffi- 
ciently well to warrant us in expecting 
these regions to exhibit one type rather 
than the other; but the way in which Aus- 
tralia is represented, as an elevation of the 
third degree superposed upon a depression 
of the first, suggests that the coasts of Aus- 
tralia, and especially the eastern coast where 
the elevation in question is greater, should 
be of the same type as the American shores 
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of the Pacific; and it is the fact that the 
mountain chains of Queensland and New 
South Wales run parallel to the neighbor- 
ing coasts. There seems therefore to be 
much evidence to support the view that the 
direction of secular change has been that 
of diminishing the prominence of the in- 
equalities of the first and second degrees 
in comparison with those of the third 
degree. The process by which such 
changes would be brought about would be 
of the nature of relief of strain, expressing 
itself in oceasienal fractures of no very 
great magnitude; and such fractures would 
be manifested at the surface as earth- 
quakes. Seismic and voleanic activities 
constitute the mechanism of the process of 
change. These activities are spasmodic and 
irregular, but the effect of them is cumula- 
tive. For this reason they tend in the 
course of ages to transform the shape of 
the earth from one definite type to another. 
The diminishing speed of the earth’s rota- 
tion is another cause of change which ap- 
pears to produce an alternating rather than 
a cumulative effect. On the one hand it 
tends to diminish that tendency, which we 
noted above, to draw the waters of the 
ocean towards equatorial regions; on the 
other hand it must result in an actual re- 
duction of the equatorial protuberance of 
the earth’s figure. This reduction can 
only be effected by seismic activity ex- 
pressed by subsidences in equatorial re- 
gions. The effect which would in this way 
be produced in the distribution of continent 
and ocean would appear to be that there 
would be long periods in which the ocean 
would tend to advance towards the Arctic 
and Antaretic regions, interrupted by 
shorter periods in which it would tend to 
retreat towards the neighborhood of the 
equator. 

The theory which I have tried to explain 
is a tentative one, and further investiga- 
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tion may prove it to be untenable; but it 
is to its eredit that, besides tracing to 
dynamical causes the existing distribution 
of continent and ocean, it offers an ex- 
planation of the difference between the At- 
lantie and Paeifie types of coast, it gives 
indications of a possible account of those 
alternations of sea and land which first led 
to the study of geology, and it suggests an 
origin for Charles Darwin’s unknown 
foree, the operation of which is slow and 
intermittent, but irresistible. 
A. E. H. Love 





PLANT PATHOLOGY * 


Your secretary has asked me to review 
as far as possible in ten or fifteen minutes 
our actual knowledge of plant diseases, 
the best methods of combating them, the 
progress that has been made, together with 
a suggestion or two as to some improve- 
ments that may be expected in the future. 
I have aecepted the invitation, knowing 
fully that I could not in so short a time 
begin te eover so much ground with a 
sufficient degree of thoroughness to give an 
adequate idea even of the most important 
bearings of pathology on horticulture, but 
I concluded that the committee must have 
had in mind that I would use their request 
as an illustration of the greatest failing, 
not only in pathological investigation, but 
in the application of methods recommended 
for the eontrol of diseases, namely, too 
much haste and lack of thoroughness. 
These are failings incident to work in a 
new country under great pressure, where 
the field is large and the workers few. 
There has been a good measure of economic 
justification for the mistakes of the past, 
and they are teaching us valuable lessons 
for our guidance in the future. What we 
need now is to study carefully these suc- 


*Paper read at the meeting of the National 
Council of Horticulture, Jamestown, Va., Septem- 
ber 23, 1907. 
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cesses and failures and determine as ac- 
eurately as may be possible their causes as a 
basis for improved practise. 

The old conditions are rapidly changing. 
The new times require more careful and 
intensive methods. 

One-crop farming, too short and un- 
wise crop rotations, improper methods of 
fertilizing and culture, with destruction of 
humus and the life and fertility of the soil, 
careless methods of propagation and seed 
selection, the use of varieties not adapted 
to soil and climate, and other limiting con- 
ditions are responsible for loss from 
diseases in a larger degree than is realized. 
An orange, or plum, or peach, or apple, or 
any other tree or shrub, whose cambium 
responds to a few warm days in winter or 
early spring, is not a safe variety to plant 
in localities where such warm periods 
occur. Plants of northern range, accus- 
tomed to respond to lower initial heat stim- 
ulus, are thus subject to winter injury in 
more southern latitudes. On the other 
hand, plants of southern range planted 
north start later, are less subject to late 
frosts, but may be injured by early frosts. 
These cold injuries are often hardly notice- 
able, but they are sufficient to weaken the 
plant and open the way for trunk cankers 
and numerous other parasitic diseases 
which the trees could otherwise resist. 

A soil slightly too acid or alkaline for a 
particular variety, though not enough to 
prevent growth, may nevertheless weaken 
the root system, or, in fact, the whole 
plant, making it subject to serious disease. 
So also the moisture or temperature fluc- 
tuations of the soil and its aeration may 
be unfavorable to a particular variety, 
making it less resistant to disease, if not 
actually causing a pathological condition in 
itself. Too little attention has been given 
to these factors by the farmers and horti- 
culturists as well as by the pathologists. 
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An important duty in this new century 
will be to develop a better appreciation and 
more accurate understanding of the rela- 
tion of these factors to health and disease. 
The cropping system of a farm or orchard, 
the planting of a nursery or a park to be 
satisfactory and successful in securing 
healthy growth must be undertaken only 
after a careful consideration of all these 
factors involved. Like the architect, the 
horticulturist and the farmer must have a 
earefully thought-out plan and as nearly as 
possible see the end from the beginning. 


RESISTANCE AND IMMUNITY 

Our ideal, of course, is to cultivate plants 
that can in the largest measure consistent 
with other requirements fight their own 
battles. Observation and experience have 
given us a large amount of information on 
adaptability to conditions and resistance to 
disease, which remains to be classified and 
digested in order to be made generally 
available. We often neglect to reap the 
benefits of a destructive drouth,a cold wave, 
an epidemic of disease, or the failure of a 
crop, by neglecting to study and save what 
is left. The few straggling plants left do 
not appeal to the average man. He plows 
them up or turns in the hogs. But the 
man familiar with nature’s methods sees 
in these survivors resistant strains and 
saves the few straggling plants for seed, 
with the hope that the few survivors may 
have some peculiarity transmittable to 
progeny, making them resistant to the 
factor that caused the general destruction 
of the crop. In this way originated the 
wilt-resistant cotton, wilt-resistant cowpeas 
and flax, and cowpeas and tobacco resistant 
to nematode or root-knot. Strains of red- 
elover resistant to anthracnose (a disease 
which in many sections of the South makes 
it impossible to grow ordinary non-resistant 
clover) were also originated in this way. 
Strains of corn, oats, wheat, rye, clover, 
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alfalfa, sugar beets and other grains, forage 
plants and vegetables resistant to cold, 
alkali and drouth have been developed 
from such selections—in some cases made 
purposely by subjecting the crop to these 
conditions, in others in simply taking ad- 
vantage of what occurred naturally. In 
some of the older and more thickly popu- 
lated parts of the world, necessity has 
forced the saving of the last straw. This 
is why we find the drouth-resistant durum 
wheats in the dry regions of Russia and 
Asia and around the Mediterranean, the 
alkali and drouth-resistant alfalfas and 
other forage crops in the same regions, a 
eold-resistant alfalfa in Siberia and North- 
ern Manchuria, the cold-resistant winter- 
wheats of Russia, and other crops too 
numerous to mention. Hundreds of years 
of culture and selection, forced by poverty 
and necessity under forbidding conditions 
of cold and drouth and disease, have made 
those sections veritable storehouses of good 
things, but what nature and necessity have 
not produced for us we can in large meas- 
ure do for ourselves. We can combine the 
eold-resisting quality of the trifoliate in- 
edible orange with the fruit qualities of the 
tender, sweet orange; the disease-resistant 
quality of the citron with the fruit quality 
of the edible melons; the rust-resistant 
quality of the durum wheat with the berry 
of the blue stem; the cold-resistant quality 
of the wild crab with the fruit of our finer 
apples. The possibilities of such composite 
breeding have seareely been touched or ap- 
preciated. In such work many factors 
must be taken into account and great care 
and foresight exercised. 


PATHOLOGICAL INVESTIGATION 


Coming now to the scientific study of 
plant diseases, there is almost unlimited 
room for improvement. Compared with 
what there is still to discover, our knowl- 
edge of most diseases is still meager and 
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one-sided. The brain of the pathologist is 
his most important instrument in such 
investigations. It must be trained to 
work with precision in all of the various 
directions and fields involved in such study. 
This is not now generally the case, and our 
colleges must be awakened to their duty. 
To most suecessfully combat a disease, we 
should know the causes that contribute to 
it and as much about the causes as possible. 
We should understand the pathological re- 
action of the diseased plant. Only in this 
way shall we be able to remove the causes 
or protect the plant against them or assist 
it to recover. 
SPRAYING 

In the eases of disease due to attack of 
parasitic organisms, we are often able to 
protect our erops by spraying. Spraying, 
like a coat of mail, is a protection against 
entrance to the tissues by invading organ- 
isms. If there are any holes in the coat of 
mail or if it is made of poor material or 
is put on after the arrow has pierced the 
flesh, it may be of no avail. Much of our 
spraying has holes in it. The tissues are 
not properly coated during the periods of 
attack. Much of the new growth is left 
unprotected during the eritical period. 
The parasite gets in through these places, 
and we find too late that hasty, careless 
spraying is of little value. 

Improperly made mixtures, or mixtures 
made of poor materials, are often of no 
protection and may be as injurious as the 
disease. Even good Bordeaux mixture can 
not safely be used on some plants, like 
peaches, and in some seasons is slightly 
injurious to apples. 

The apparatus for spraying is, as a rule, 
poorly constructed, clumsy and in great 
need of general improvement and adapta- 
tion to particular conditions. Demand 
good machinery and pay for it. It is 
essential to suecess. Those who know these 
things must teach, by demonstration, those 
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who know imperfectly or do not know at 
all. Literature is valuable as an aid to 
demonstration teaching, but can never take 
the place of it. Too much dependence on 
literature is one of our great educational 
mistakes. Send out fewer bulletins and 
more men. 

Briefly, then, we shall improve on the 
pathology of the last century if we take 
time to be eareful and thorough; study 
the causes of failure and profit by the re- 
sults; demand better-trained minds and 
improved apparatus, and depend in our 
teaching more upon men and less upon 
books. A. F. Woops 


BUREAU OF PLANT INDUSTRY, 
U. S. DEPARTMENT OF AGRICULTURE 





SCIENTIFIC BOOKS 


The Carboniferous of the Appalachian Basin. 
By John J. Stevenson, Professor of Geology 
in New York University. Pp. 595. 

This is the title of a volume recently issued 
by Judd & Detweiler, of Washington, D. C. 
The volume consists of four papers previously 
published in the Bulletin of the Geological 
Society of America between 1903 and 1907. 

The subjects treated in these several papers 
in order of publication are: “ Lower Carbon- 
iferous,” a paper of 82 pages, presented before 
the society, July 1, 1902, and published March 
28, 1903; “The Pottsville” is next discussed 
in a paper of 174 pages, presented before the 
society, January 1, 1904, and published under 
date of May 28 of the same year; the “ Alle- 
gheny ” and “Conemaugh” formations were 
discussed in the third paper of 165 pages, 
presented before the society, December 29, 
1905, and published May 28, 1906, while the 
concluding paper of 174 pages, including an 
elaborate index, presented before the society 
December 29, 1906, and published under date 
of April 19, 1907, deals with the “ Monon- 
gahela” and “ Dunkard ” formations, ending 
with a chapter on “Geographical Changes 
during Pennsylvanian” time, and some 
“Paleontologic Notes” upon the fauna and 
flora of the Pennsylvanian. 
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The work as a whole is a concise summary 
with complete marginal references to prac- 
tically all of the publications and conclusions 
of previous observers on the Carboniferous 
rocks of the Appalachian basin. It is by far 
the most elaborate and comprehensive study 
ever undertaken of the Appalachian Carbonif- 
erous, and it will long remain the chief book 
of reference for the stratigraphic relations of 
these great series of deposits, the most impor- 
tant economically on the continent. 

Dr. Stevenson was peculiarly qualified for 
the great task he undertook, having himself 
spent about forty years of his life in the 
study of the Carboniferous rocks, and having 
personally seen more of the Appalachian basin 
than any other geologist. Then, too, in Dr. 
Stevenson’s library, the most complete of any 
in publications dealing with the Appalachian 
Carboniferous, is to be found practically 
everything that other geologists had written. 
The study and digestion of this immense mass 
of data seattered through hundreds of publi- 
cations was in itself a task of enormous pro- 
portions, and the writer has put all of his 
brother geologists of the present, as well as 
those of the future, under lasting obligations 
by the long and arduous “labor of love” in- 
volved in the publication of this great work 
which is destined to remain the chief monu- 
ment of its distinguished author. 

One of the principal causes for friction 
between the U. S. Geological Survey and the 
other geologists of the country, not connected 
with that organization, has been a failure of 
the United States geologists to recognize 
properly the work of previous observers in the 
same area, except occasionally when these ob- 
servers had made some glaring mistakes. The 
absence of some such publication as Dr. Ste- 
venson’s may have been the principal reason 
for this apparent want of courtesy and fair- 
ness in the recognition of previous work, but 
hereafter there can remain no “ extenuating 
circumstances ” for such neglect so far as the 
Appalachian Carboniferous is concerned. 

Regarding the conclusions of the author 
upon some mooted questions like the western 
limits of the Catskill, the identity of certain 
coal beds of wide extent, the equivalency of 
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the Kanawha Black Flint, and other questions 
of like nature, there will evidently not be en- 
tire concurrence on the part of geologists, 
The reviewer also thinks that the great appar- 
ent thinning of both the Monongahela and 
Conemaugh formations along their northern 
and western margins is based upon mistaken 
identifications, that while there is much thin- 
ning of these formations shown toward the 
northwest, it is not really so great as indicated 
by the author. These are minor matters, how- 
ever, and confined to regions where, owing to 
absence of accurate maps and careful meas- 
urements, there is much room for doubt as to 
identifications. 

The author rightly gives proper credit to 
the monumental work of David White, whose 
skillful and untiring paleobotanical studies 
have assisted so much in the solution of the 
many intricate stratigraphic problems con- 
nected with the Pottsville and Kanawha for- 
mations, and their great southwestward thick- 
ening. 

Geologists will look forward anxiously for 
the appearance of Dr. Stevenson’s promised 
paper upon the origin of coal and his discus- 
sion of the many related problems for which 
the wide study and field work of this eminent 
teacher and geologist have given exceptional 


qualifications. 
EC... W. 


A General Catalogue of Double Stars within 
121° of the North Pole. By S. W. Bury- 
HAM. Part IL, The Catalogue, pp. lv + 274. 
Part IL, Notes to the Catalogue, pp. viii + 
828. Published by the Carnegie Institu- 
tion of Washington. 1906. 

We run little risk in saying that this is the 
most important astronomical publication of 
the year. Although devoted to a highly tech- 
nical division of the science, it will surely 
command the attention of astronomers every- 
where and long remain a reference of extraor- 
dinary excellence. It has been many years 
in preparation. In the introduction, the 
author states that its first form was a manu- 
script catalogue that he began to construct in 
Chicago in 1870, soon after receiving his six- 
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inch Clark refractor, an instrument which he 
used almost entirely in the observation of 
double stars and which brought him a larger 
number of discoveries than any other telescope 
that he has used in his long and varied astro- 
nomical eareer. At that time no complete list 
of the known double stars existed, and there 
were few books in Chicago relating to them. 
The small refractor showed many pairs not 
recorded in any of the books available, and 
to make certain that these were new, he had 
to search far and wide through nearly the 
whole range of modern astronomical litera- 
ture, to see what stars had previously been 
recorded as double. Observatories were vis- 
ited and their libraries consulted; books were 
borrowed and what they contained relating to 
this particular subject was laboriously copied 
by hand; books and memoirs were also pur- 
chased, making the beginning of a library 
devoted to this special subject that has since 
become practically complete. 

The manuscript catalogue which Professor 
Burnham formed at the beginning has been 
kept continuously posted to date, by adding 
accounts of new discoveries whenever made, 
and of new observations wherever published. 
To make room for the new material, a second 
manuscript edition eventually became neces- 
sary, and later still a third, which finally 
passed into the hands of the printer and now 
appears in finished form. 

This great work divides into two parts. The 
first contains a catalogue of 13,665 double 
stars within 121° of the north celestial pole, 
and the second, the notes to this catalogue. 
Besides the catalogue, Part I. includes the 
introduction, indexes, precession tables and 
appendix, filling altogether 329 closely printed 
quarto pages. Part II. makes a similar vol- 
ume of 836 pages. 

To state the number of pages gives but a 
faint notion of the magnitude of the labor it 
has been te collect the information compressed 
within these somewhat extended limits. The 
labor would have been materially less had it 
been a mere compilation. This, however, is 
far from being the case. The predominant 


virtue of this work is its trustworthiness, and 
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this springs not so much from what has been 
gathered from the published observations as 
from the author’s long hours at the telescope, 
searching, verifying, measuring, and from his 
continuous investigations from all the data 
available. For many years he has been a 
most industrious observer, and his energy, 
devotion and sound judgment have had much 
to do with placing double-star astronomy 
in its present satisfactory condition. No 
matter at how great a cost in time and labor, 
he has made it his business to know the truth 
concerning these distant systems, consistently 
following stars in rapid motion during their 
critical periods, measuring those suffering 
from neglect, and in a larger degree than any 
one else, comparing the double stars in the 
sky with the record of them and bringing the 
two into harmony. 

This work is arranged in a very convenient 
and satisfactory form and is _ beautifully 
printed. In both volumes the stars are ar- 
ranged in the order of their right ascensions 
for the epoch 1880, and are numbered con- 
secutively. The usual double-star numbers, 
star names, constellation letters and numbers 
are also given, making identification easy by 
whatever mode a pair may be designated. 

The catalogue in Part I. is in tabular form, 
with eleven columns to the page. The data 
there given, in addition to the numbers and 
names just mentioned, are the position angle, 
distance and epoch of the earliest reliable 
measures; magnitudes; indication of the ob- 
servers and the number of nights on which 
measures were made; references and brief 
notes, relating chiefly to notation and colors 
of components. These are the data most use- 
ful to the observer, and they are presented in 
a form eminently suited to his needs. 

The notes in Part II. are usually brief and 
always to the point. They are generally re- 
duced to a few lines to the star, giving in a 
few words a synopsis of the history of each 
pair, measures corresponding to selected 
epochs, statements respecting relative and 
proper motions, and complete references to 
all published observations and to important 
papers. The stars whose components have 
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moved considerably since the first reliable 
measures were made are accompanied by dia- 
grams, which by picturing the movement give 
a clearer indication of the nature of the 
change than would be possible in any other 
way. As a rule, observations are quoted 
sparingly, often not in sufficient numbers to 
enable one to form an independent opinion 
respecting the motion. The proper motions 
are usually quoted from the latest reliable 
sources, and converted into direction and dis- 
tance so as to be immediately available in this 
department. With the exception of Beta 
Delphini, the only element given of the orbits 
of the binaries is the periodic time. This is 
the element that seems to interest the author 
most. The others are also of importance, and 
indeed necessary if exact comparisons between 
observed and computed places are to be made, 
and it is a distinct loss not to have them 
quoted also. 

The absence of collected information re- 
specting the double stars has in the past made 
it very difficult for observers to arrange pro- 
grams which should have the maximum effect- 
iveness in promoting the advancement of this 
department of science. Many popular stars 
have been measured repeatedly, sometimes 
quite unnecessarily, while hundreds of others 
have been neglected for long intervals. This 
condition is entirely changed by the appear- 
ance of these volumes, and in consequence 
advance from now on should be accelerated. 
Professor Burnham has endeavored to bring 
the histories of all pairs as nearly to date as 
possible, and this has necessitated the re- 
observation of the neglected stars. For sev- 
eral years he has devoted himself to this task, 
and among the observations presented in the 
notes are the mean results of several thousand 
measures made for this special purpose, as 
many as most observers would make in a life- 
time, and forming a large and important con- 
tribution to knowledge. 

The value of this work as a reference is 
enhanced by the tables following the introduc- 
tion. Here, in remarkably compact form, the 
double stars discovered by modern observers, 
that is, since about 1840, are conveniently 
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indexed, so that any pair of importance, what- 
ever its designation, may be very readily 
found. These indexes are followed by a pro- 
visional grouping of the double stars into 
classes according to their motions, so far as 
these may now be determined. Convenient 
precession tables are also provided, for the 
reduction of star places from one epoch to 
another. 

Even with the data available, as given in 
these volumes, it is not possible to make more 
than a beginning in the separation of the 
double stars into their various classes. Ac- 
cording to the tables given, the number in 
each class is as follows: 


Binaries with computed orbits ............ 88 
Binaries without computed orbits ......... 94 
Stare prosably GEMASP 2... ccc cedscccceees 112 
Stars of the type of 61 Cygni ............ 38 
Stars with common proper motion ........ 579 
Stars with rectilinear motion ............. 387 

Dah... ws ins cedeeyeuncs Up sa. 1,298 


These lists include less than ten per cent. of 
the stars which have been catalogued as 
double, and to a certain extent they serve as 
an index to the slowness with which changes 
in the relative positions of the stars take 
place. The great majority of all the pairs 
listed have either remained sensibly fixed, or 
have moved so little since their first measures 
were made that it is not now possible to 
classify them in respect to their movements. 
In the course of time many more will doubt- 
less be added to the lists above, and rapid 
accessions may be expected in a few years 
when the close double stars which have re- 
cently been discovered in such large numbers 
come to be remeasured. To the present the 
information of value resulting from double- 
star investigations, rich as it is, has come 
from a comparatively small number of objects, 
hardly more than enough to furnish types. 
In the future, statistical studies, which are 
now of precarious value, will doubtless hold 
an important place and yield many interesting 
results. Professor Burnham has realized this 
to the full. He has preferred to rely upon 
the substantial facts derived from observation 
rather than upon insecure theory and specula- 
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tion. The volumes before us are singularly 
free from all attempts to draw far-reaching 
conclusions from insufficient data. 

The publication of this work marks an 
epoch in the history of double-star astronomy. 
It becomes at once an authoritative exposition 
of the state of the sky in respect to the class 
of objects it considers, and a reference that 
will take the place of hundreds of publica- 
tions. No single work has been more press- 
ingly needed these many years, and none 
could have filled the requirements of practical 
observers and of astronomers generally more 
satisfactorily. It will be an instrument of 
progress, leading and directing; an example 
to be followed, not only in its own field, but 
also in other departments. 

W. J. Hussey 

Ann ArRBor, MICH., 

September, 1907 


The Frog Book: North American Toads and 
Frogs, with a study of the habits and life- 
histories of those of the Northeastern States. 


By Mary C. Dickerson. New York, 
Doubleday, Page & Co. 1906. Pp. 253. 
$4.00. 


This book is the twelfth volume in that 
noteworthy series “ The Nature Library.” In 
it we find a most satisfactory solution of the 
dificult problem of how to make a popular 
book really good, although of large size and 
about a group of animals that is not a large 
group and is less attractive to the layman 
than birds, fish or insects. 

Like others in the series, it is profusely 
illustrated with original photographs, some 
290 of them in 96 plates and 30 in text figures. 
Most of these show the living frogs and toads 
exceedingly well in black and white, while 16 
plates are nicely colored. Some of the text 
figures are merely embellishments and twelve 
plates are photographs of attractive scenery 
representing the haunts of frogs. 

The text begins with an introduction of 
40 pages. With this is an artificial key for 
finding out the names of all the frogs and 
toads throughout the United States. 

The main part of the work is a description 
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of the 56 frogs and toads of this country taken 
up in systematic order in their seven families 
and twelve genera. The common toads, their 
eggs and young, are well treated and their 
value to agriculture emphasized, but the prac- 
tical side of the subject is not exaggerated and 
the author’s real interest in nature is ex- 
pressed in such sentences as: “ We also find 
the toad’s song one of the most beautiful 
sounds in nature. The effect of a ‘chorus’ 
of toads is harmonious indeed—a crooning 
sound that seems a fit companion for amorous 
spring, bursting flower buds and the feeling of 
new life in our hearts.” 

Some thirty-six pages of text and many of 
the well-colored and spirited illustrations of 
the book well represent the tree-frogs; one of 
which on a “ Jack-in-the-pulpit” makes the 
charming frontispiece. Here as _ elsewhere 
there are suggestive new facts, such as the 
statement that some tree-frogs of the species 
Hyla squirella, shut in a pail with no change 
of condition, continued for some hours to 
change their colors; which of course empha- 
sizes the fact that color changes in frogs may 
be brought about without light or other out- 
side cause. 

The descriptions of the common larger frogs 
of our ponds, woods and meadows take up the 
remaining seventy pages of the volume, which 
ends with a bibliography of one hundred titles, 
embracing such diverse works as Wieders- 
heim’s “Anatomy” and White’s “ Natural 
History of Selborne.” 

Not only are the habits of the common frogs 
well portrayed, but the eggs and tadpoles are 
figured, as has not been done before, and 
throughout the work the author’s genuine sym- 
pathy with nature is in evidence. The nat- 
uralist will be glad to have the pictures in this 
book accessible and the layman should find 
the book both attractive and useful, while 
school nature-study could make excellent use 
of it. 

The large amount of original observation 
made by the author will best be appreciated 
by those whom the book should stimulate to 
add more to the facts accumulating towards 
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a complete knowledge of the life histories of 
all American frogs and toads. E. A. A. 


Behavior of the Lower Organisms. By H. 8. 
JENNINGS. New York, The Macmillan Co. 
1906. Pp. xiv + 366; 144 figs. 

This volume, which is the tenth in the series 
of biological treatises published by Columbia 
University, is a timely exposition of the be- 
havior of the lower organisms by an author 
who has devoted a large part of his time to 
an investigation of this subject. The distri- 
bution of the materials in the volume follows 
an admirable plan. The first part of the 
book deals with the behavior of unicellular 
organisms, especially Paramecium. The sec- 
ond part takes up the behavior of the lower 
metazoans, including the celenterates, echino- 
derms, worms and crustaceans. The third 
part treats of the theoretic aspect of the sub- 
ject, and the volume is concluded by a bibliog- 
raphy and a good index. 

The first and second parts, which are nat- 
urally more concerned with statements of 
facts than with speculative matters, are a very 
full and adequate description of the reactions 
of the protozoans, lower metazoans, etc., and 
form, in the reviewer’s opinion, the best digest 
of this subject that has yet appeared. They 
entirely supersede such recent works as that 
of Lukas and others, and with their biblio- 
graphical references they form a most service- 
able introduction to the subject. 

The third part of the volume is much less 
happily conceived. This opens with a chapter 
in which the essential similarity of the reac- 
tions of unicellular and of multicellular ani- 
mals is pointed out and the true relations of 
a nervous mechanism to these reactions is 
made clear, and it closes with chapters on the 
development of behavior and the relations of 
behavior to psychic factors, ete., avowedly 
hypothetical matters. The body of the third 
part, however, is taken up with a discussion 
which turns in the main on a comparison of 
the tropism theory and the author’s own views 
about animal orientation, ete. It is possibly 
asking too much to expect an author to make 
a plea for the opposing side, and yet truth is 
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best served by looking facts squarely in the 
face. Almost no one newadays, aside from 
Jennings, would accept the definition of the 
tropism theory given by him in Chapter XIV, 
To be sure, it is easy to find in the older lit- 
erature the form of the theory that he de- 
scribes, but practically every one at present 
who believes in the tropism theory at all has 
discarded as unessential that portion of it that 
asserts that the stimulus always influences 
directly the reacting organ. To retain this 
and demolish it in the belief that the tropism 
theory falls with it is rather Quixotic than 
clear-headed. If the modern tropism theory 
were as weak as Jennings would have us be- 
lieve, the experimental evidence upon which 
it rests ought easily to be explained away. 
Yet it has always seemed to the reviewer that 
the characteristic circus movements performed 
by animals immersed in a homogeneous stimu- 
lant, but with sense organs unilaterally ob- 
structed, are explainable only on the basis of 
this theory. There are other crucial observa- 
tions in favor of the tropism theory and yet 
none of these have been satisfactorily ac- 
counted for by Jennings. 

Jennings is perfectly correct in his insist- 
ence on the importance of what he formerly 
called the “ motor reaction ” as an explanation 
of the way in which many of the lower ani- 
mals become distributed or massed, but to 
prove that this explanation holds in certain 
cases is not to disprove the tropism theory. 
The two theories are not mutually exclusive 
and the processes implied by them may per- 
fectly well take place at the same time in a 
given animal. It would seem that Jennings 
in his enthusiasm for his own views had be- 
come blinded to the real strength of the 
tropism theory and not only was unable to 
accord it fair treatment, but also lacked 
appreciation of its real value. It is to be 
regretted that a book excellent in so many 
particulars should be marred by so consider- 
able a defect. G. H. P. 





SCIENTIFIC JOURNALS AND ARTICLES 


The American Naturalist for September 
contains articles on “The Structure of Cilia, 
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Especially in Gastropoda,” by Leonard W. 
Williams; “The Poison Glands of Noturus 
and Schilbeodes,” by Hugh D. Reed; “ The 
Structure of the Silk Glands of Apanteles 
glomeratus L.,” by Robert Matheson and A. 
G. Ruggles, and “ The Nest of the Kelp Fish,” 
by Charles F. Holder. Mr. Reed states that 
all species of Noturus and Schilbeodes exam- 
ined possess an axillary pore that is the 
opening of a poison gland, and, in addition, 
some species have poison glands about the 
dorsal and pectoral spines. Species with ser- 
rate spines have no spine glands. There are 
no special muscles controlling the glands and 
they are ruptured by the pressure of their 
contents. Under Notes F. T. L. shows that 
marked specific differences exist in the em- 
bryos of vertebrates. 


The Museums Journal of Great Britain for 
August contains an account of the Dundee 
meeting of the Museums Association. The 
gathering was attended by the curators of 
twenty-nine museums, besides many asso- 
ciates, and the papers read were thoroughly 
practical; two papers dealt with the subject 
of “School Museums.” 


The American Museum Journal for October 
has for frontispiece an excellent plate of “ The 
Warren Mastodon” and in the accompanying 
article will be found measurements of the 
skeleton, which has been admirably mounted; 
it stands 9 feet 2 inches high, much lower 
than the popular idea of the animal. There 
are articles on “ A Blackfoot Lodge, or Tepee,” 
“The Museum Whales,” “A Diplodocus for 
the Frankfurt Museum” and “The Robley 
Collection of Maori Heads.” This collection, 
which is practically unique, comprises thirty- 
five specimens; it will be described in detail 
later. The museum has recently acquired 
two examples of the rare Solenodon paradozxus 
from Haiti and a sea otter from Point Lobos, 


Cal. 


The Zoological Society Bulletin for August, 
which escaped notice at the time of its issue, 
during the meeting of the International Zool- 
ogical Congress, is devoted to the subject of 
Zoology in New York. It contains articles on 
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the universities and other educational institu- 
tions, in whose curriculum zoology plays an 
important part; the museums of natural his- 
tory, biological laboratories, zoological parks 
and aquarium. There are brief accounts of 
the scientific societies of Greater New York 
and a list of the zoologists of New York and 
vicinity, which includes about one hundred 
names. 


The Museum News, of the Brooklyn Insti- 
tute, for October, contains a good account of 
the “ Home of the Guacharo,” Steatornis, de- 
scribing a visit to a cave in Trinidad, where 
a number of adults and young birds were ob- 
tained. It is noted that the weight of the 
excessively fat young is twice that of the old 
bird. The installation of a group of fishes 
about a coral reef is something of a novelty, be- 
ing an attempt to give a glimpse of the life and 
color of tropical seas. The principal article 
in the section devoted to the Children’s Mu- 
seum describes the silkworm, which has been 
made the subject of a rather extensive exhibit. 


THE publication is announced in December 
of a new international monthly, Revue des 
études ethnographiques et sociologiques, edited 
under the direction of M. Arnold von Gennep 
and published by Librairie Paul Geuthner. 


DISCUSSION AND CORRESPONDENCE 
AS TO HOLOTHURIA 


To THE Eprtor or Science: In Scrence for 
August 7, Dr. Gill calls attention to the fact 
that the genus Holothuria as originally estab- 
lished by Linnzus contains no species of the 
group which since 1766 has been universally 
ealled “holothurians.” In the Zoologischer 
Anzeiger for August 20, Dr. Poche makes the 
same announcement and goes on to show some 
of the resulting changes in nomenclature 
which will be necessary if we adhere to the 
International Code. Dr. Gill particularly 
wishes to know what Dr. W. K. Fisher and I 
propose to do about it. Dr. Fisher in Science 
for September 20 states his position: he elects 
to adhere to the code and accordingly abandons 
Holothuria. In this I am quite unable to 
follow him, although I find no reason to ques- 
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tion the facts regarding Holothuria Linnezus, 
1758, as given by Gill and Poche. There is no 
question that the ignoring of these facts has 
placed us, who are specially interested in 
echinoderms, in a serious dilemma. Either we 
must refuse to follow the International Code 
or we must attempt, not only to substitute an 
unfamiliar name for the familiar Holothuria, 
and introduce a series of regrettable changes 
into the nomenclature of ascidians and 
echinoderms, but we must undertake to replace 
the English “holothurian” with 
some other term. Of these two evils it seems 
to me that the former is decidedly the lesser, 
and at the expense of consistency I propose to 
continue to call “sea-cucumbers,” holothu- 
rians. Of course, if the International Com- 
mission on Nomenclature, in its proposed list 
of genera to be unchangeably adopted, assigns 
Holothuria to the ascidians rather than to the 
echinoderms, I shall not stand out against that 
decision, but meantime I shall sincerely hope 
that they will agree that an exception to the 
application of the code is wiser than a con- 
involves such difficult, one 
changes in 


colloquial 


sistency which 


might almost say impossible, 


nomenclature. 
And I am confirmed in this attitude by cer- 


tain facts either ignored or overlooked by Gill 
and Poche. Aldrovandus and other pre-Lin- 
nean writers used Holothuria in the com- 
monly accepted sense, as have all writers since 
1766. Jager in 1833 refers to the twelfth edi- 
tion of the “Systema Nature” as the first in 
which true holothurians are included in the 
genus and he virtually bases his revision of 
the genus on that edition. Far more im- 
portant than this, however, is the fact that if 
we assign Holothuria to the ascidians, it is 
by no means easy to decide what name shall 
replace it for sea-cucumbers. Fortunately for 
euphony’s sake, it almost certainly will not be 
Bohadschia, as both Gill and Poche assert. A 
hasty survey of the literature between 1760 
and 1830 shows that the case is quite involved. 
Mr. Austin H. Clark has called my attention 
to the fact that a very plausible argument may 
be made for Holothusia Barbut, 1783, Plate 6! 
Incidentally it should be remarked that there 
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are many zoologists (Drs. Gill and Fisher 
among them) who will hold that Holothuria 
is properly a siphonophoran genus, and not 
ascidian, as Poche claims. Careful considera- 
tion of all the facts satisfies me that the at- 
tempt to radically change the usage of such 
familiar names as Holothuria, Actinia and 
Salpa can only make confusion worse con- 
founded and, until an international congress 
of zoologists has voted that this shall be done, 
I for one shall continue to use the names in the 
commonly accepted sense. 
Husert Lyman Crarx 
MUSEUM OF COMPARATIVE ZOOLOGY, 
CAMBRIDGE, MASs., 
September 28, 1907 


ERRORS IN TOWER’S “ AN INVESTIGATION OF EVOLU- 
TION IN CHRYSOMOLID BEETLES OF THE 
GENUS LEPTINOTARSA ” * 


In reading over this work, I have noticed 
a few minor typographical errors and one 
rather more important biological misstatement 
or misconception in regard especially to one 
species of the group, all of which, however, 
do not affect the work as a whole. The biolog- 
ical misstatement or misconception is unfor- 
tunate, as it is founded on innumerable ob- 
servations, and thus would tend to indicate 
carelessness in this respect on the part of the 
author. But I have no doubt that it was due 
rather to an oversight. 

The typographical errors will be stated first: 


Page 53, { 2, line 3, specimens = species. 


68, 3, 4, 32— 22. 
166, 2, 28, how is repeated. 
169, 3, 1, 3, histonic = historic. 
253, 2, 7, habitat = habit. 
294, 2, 3, ohers = others. 


In writing of the ontogeny of larval color 
patterns on page 147, Dr. Tower directly im- 
plies three larval instars to Leptinotarsa sig- 
naticollis Stal, and indirectly so to the species 
diversa Tower and undecemlineata Stal. On 
the next page, and those following, the same 
fact is implied in regard to the other species 
of the group, including the common decem- 

‘Publication No. 48, Carnegie Institution of 
Washington, 1906. 
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lineata Say, and colored figures of the three 
larval stages are given on plate 17, facing 
page 146, of more than ten of the species. 
Elsewhere (pp. 164, 219) general statements 
to this effect occur. Three larval instars are 
therefore implied for all, or almost all, of the 
species of the genus. And it is to this state- 
ment, in so far as it concerns the species 
decemlineata, that I desire to call attention. 

Rearings of this species, both in nature and 
the laboratory, carried on in Georgia in 1906 
and in Ohio in 1907, showed in both places 
four larval instars, all of which were distinct, 
and which have been described.* These rear- 
ings involved a total of not more than seventy 
specimens, and while this is very small in 
comparison with the large total reared by 
Tower, I can not think otherwise than that 
they represent the average for the species, and 
were not exceptions. All of the lots were 
small and under normal conditions, and the 
rearings were made especially with the view 
of determining the duration and number of 
the larval instars, so that errors in observa- 
tion were eliminated. As Dr. Tower had 
other objects in view, I believe his observa- 
tions in this respect were faulty, at least one 
ecdysis being overlooked in the larval devel- 
opment of decemlineata; and if in that spe- 
cies then as well perhaps in the others, though 
I am not concerned with them here. 


A. ArsENE GIRAULT 
WASHINGTON, D. C., 
September 16, 1907 


EVEN PERFECT MEASURING IMPOTENT 


THe attention of geometers should be 
directed to a remarkable article by Dr. R. L. 
Moore, of Princeton, whose extraordinarily 
elegant proof of the redundancy of Hilbert’s 
axioms first appeared in The American Mathe- 
matical Monthly. 

The new article, in the Transactions of the 
American Mathematical Society, Vol. 8, No. 
3, pp. 369-3878, July, 1907, is also a perfect- 
ing of the work of the Hilbert school, but 


*Girault and Rosenfeld, Psyche, XIV., 1907, 
pp. 47-52. 
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reaches new results so unexpected, so profound 
as to be nothing less than epoch making. 

We knew that the so-called laboratory 
method for mathematics, the “ measuring” 
method, was rotten at the core, since mathe- 
matics is not an experimental science, since 
no theorem of arithmetic, algebra or geometry 
can be proved by measurement. 

Our argument was sufficiently cogent: that 
the theorems of mathematics are absolutely 
exact, while no human measurement ever can 
be exact. 3 

But Dr. Moore shows that even granting the 
impossible, granting the super-human power of 
precise measurement, we could not thereby 
ever prove our space Euclidean, ever prove it 
the space taught in all our text-books. 

The title of his article is: “Geometry in 
which the Sum of the Angles of Every Tri- 
angle is Two Right Angles.” But, omitting 
the Archimedes assumption, if this postulate 
be substituted for Euclid’s, there results a 
geometry not necessarily Euclidean. Never- 
theless, no human being confined therein could 
ever distinguish it from a Euclidean space 
even though he were supplied with instru- 
ments which could decide for him whether any 
two sects were exactly equal. 

The Euclidean space would contain other 
points, points ideal or ultra as regards this 
“ angle-sum ” space. 

But, most extraordinarily, no ultra point is 
ever between two ordinary points. 

GrorceE Bruce Hatstep 

GREELEY, COLo. 





SPECIAL ARTICLES 
PLANKTON FISHING OFF THE ISLE OF MAN* 


Durine recent years a good deal of atten- 
tion has been paid by naturalists in various 
parts of the world to the quantitative dis- 
tribution of organisms in the sea. It is 
obvious that exact information in regard to 
such a matter may be of enormous importance 
in connection with the fishing industries. 
Notable methods of work, and instruments for 


*Read before Section D (Zoology) of the Brit- 
ish Association meeting at Leicester on August 
6, 1907. 
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the purpose of capturing and measuring the 
organisms present, have been devised by some 
of the German investigators, and these will 
always be associated with the name of Pro- 
fessor Hensen, of Kiel, to whom very great 
credit is due for the ingenuity and scientific 
enthusiasm with which he has conducted the 
investigation. It is very important that any 
criticisms which are required should be 
brought forward before further researches 
have been made and before further material 
has been accumulated, and that any imper- 
fections or limitations in the methods em- 
ployed should be recognized. 

The Hensen methods are based upon the 
assumption that the distribution of the plank- 
ton, or assemblage of minute floating organ- 
isms, in the sea is so uniform over wide areas 
under much the same conditions that total 
populations can be calculated from relatively 
very small samples. [Examples were given of 
several of the conclusions arrived at as the 
result of such calculations by Hensen and his 
fellow workers.] The correctness of these 
conclusions, it will be noticed, depends entirely 
upon the assumed uniformity of distribution 
and upon the adequacy of a small number of 
samples as representing the whole area. 
Some criticisms have appeared which are based 
upon imperfections of the instruments—varia- 
tions in the nets employed and such matters. 
These imperfections can be obviated or allowed 
for; but I wish to bring before your attention 
a much more fundamental difficulty, namely, 
the marked irregularity or want of uniformity 
in the distribution of the organisms. At the 
time (five years ago) when I served as a mem- 
ber of the Ichthyological Research Committee, 
I was much struck by the evidence obtained of 
irregularity in distribution of marine organ- 
isms and of the inadequacy of small samples 
taken at considerable distances apart in either 
time or space. It has been a matter of com- 
mon -ohservation amongst naturalists that 
many of the larger organisms, such as Cope- 
poda, occur in swarms; and this not merely 
around our coasts and in the narrow seas, 
but also in the open ocean. [Recorded in- 
stances were given.] Trichodesmium, again, 
is found in the Indian Ocean occurring in 
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enormous profusion over narrow bands. At 
the last meeting of this association, Dr. G. H. 
Fowler gave some interesting results he had 
obtained in regard to irregularity of distribu- 
tion in the open Atlantic. These and some 
other results which have been obtained, I be- 
lieve, are unfortunately not yet published. 

Convinced of the fundamental importance of 
such work, I spent the greater part of last 
summer vacation in experimenting day after 
day with various plankton nets under similar 
and under varying conditions in a limited 
sea-area off Port Erin in the Isle of Man— 
with results that were startling in their di- 
versity. It was obvious that the plankton was 
at that time very unequally distributed over 
the depths, the localities, and the dates. It 
seemed clear that one net might encounter a 
swarm of some organism which a neighboring 
net escaped, and that a sample taken on one 
day might be very different in quantity from 
a sample taken under the same conditions 
next day. 

I stopped this series of observations on 
September 17. After a few days of wind a 
spell of quiet, calm weather followed, during 
which I took some tow-nettings both inside 
Port Erin Bay and outside, both in the day 
and at night, and all of these differed entirely 
in character from the gatherings of the previ- 
ous weeks—being composed mainly of Cheto- 
ceros and other diatoms. When the weather 
broke again, at the end of September, another 
abrupt change took place, and gatherings taken 
at the beginning of October showed very few 
diatoms, but many Copepoda. It is evident 
that if any observer had been taking quarterly 
or even monthly samples of the plankton in 
that sea-area, he would have obtained very dif- 
ferent results, according to the exact date of 
his visit. On three successive weeks about the 
end of September he might have found evi- 
dence for as many different far-reaching views _ 
as to the composition of the plankton in that 
part of the Irish Sea. How it can be supposed 
that hauls taken miles apart and repeated 
only at intervals of months, or even weeks, can 
give any sure foundation for calculations as 
to the population of wide sea areas, I fail 


to see. 
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These conclusions need not lead us to be 
discouraged as to the ultimate success of sci- 
entific methods in solving what may be called 
world-wide problems, but they suggest that it 
might be wise to secure by detailed local work 
a firm foundation upon which to build, and to 
ascertain more accurately the representative 
value of our samples before we base conclu- 
sions upon them. 

I do not doubt that in limited, circum- 
scribed areas of water, in the case of organisms 
that reproduce with great rapidity, the plank- 
ton becomes more uniformly distributed, and 
a comparatively small number of samples may 
then be fairly representative of the whole. 
That is probably more or less the case with 
fresh-water lakes; and I have noticed it in 
Port Erin Bay in the case of diatoms. In 
spring, and again in autumn, when suitable 
weather occurs, as it did last year at the end 
of September, the diatoms may increase enor- 
mously, and under such circumstances they 
seem to be very evenly spread over all parts 
and to pervade the water at all depths; but 
that is emphatically not the case with the 
Copepoda and other constituents of the plank- 
ton, and it was not the case even with the 
diatoms during the present spring. 

With the view of testing plankton methods 
still further, at another time of year, I devoted 
a month this spring (March 28 to April 27) 
to a systematic exploration, from the S. Y. 
Ladybuwrd, of the sea off Port Erin at the 
southwest corner of the Isle of Man. We 
worked on 23 days and obtained 276 samples, 
an average of 12 per day. [Particulars were 
here given of the localities, the methods and 
the various nets used.] 

All the gatherings obtained are now being 
worked up in detail, and the results will be 
published in the Lancashire Sea-Fisheries Re- 
port during next winter by Mr. Andrew 
Scott and myself. 

One or two broad features of the collec- 
tions made were obvious. In the earlier part 
of the time, up to about the middle of April, 
diatoms were abundant, and nearly all the 
gatherings had a greenish tinge. During that 
period the plants were more abundant in the 
bottom waters, and the animals at the sur- 
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face. Day after day we found that the two 
closing vertical nets hauled up from 20 
fathoms to 10 fathoms were of a brownish- 
green color and contained (especially the Nan- 
sen net) an abundant gathering of diatoms. 
The surface nets during this time contained 
more Copepoda. On April 15 and 19, how- 
ever, when the change in plankton was taking 
place, the diatoms were found to be mainly on 
the surface and the Copepoda below. As an 
example of wide distribution I may cite April 
10, when the nets gave consistent results all 
the afternoon at three localities north of 
Port Erin, the diatoms being in all cases 
more abundant at the bottom and the Cope- 
poda on the surface. 

We were fortunate enough on one occasion 
to obtain incontrovertible evidence of the 
sharply defined nature of a shoal of organisms, 
forming an instructive example of how nets 
hauled under similar circumstances a short 
distance apart may give very different results. 
On the evening of April 1, at the “along- 
shore” station III., north of Port Erin, off 
the “ Cronk,” one mile out, I took six simul- 
taneous gatherings in both surface and deeper 
waters. Two of the nets were the exactly 
similar surface tow-nets which I have called 
B and C. At half-time, as the result of a 
sudden thought I hauled in B, emptied the 
contents into a jar, and promptly put the net 
out again. This half gathering was of very 
ordinary character, containing a few Cope- 
poda, some diatoms and some larve, but no 
Crab Zoéas. At the end of the fifteen min- 
utes, when all the nets were hauled on board, 
all the gatherings, including B, showed an 
extraordinary number of Crab Zoéas rendering 
the ends of the nets quite dark in color. B 
was practically the same as C although B had 
only been fishing for seven minutes. It was 
evident that at about half-time the nets had 
encountered a remarkable swarm of organisms 
which had multiplied several times the bulk 
of the catch and had introduced a new animal 
in enormo..s numbers. Had it not been for 
the chance observation of the contents of B at 
half-time, it would naturally have been sup- 
posed that, as all the nets agreed in their 
evidence, the catches were fair samples of 
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what the water contained over at least the 
area traversed—whereas we now know that the 
Zoéas were confined to, at most, the latter 
half of the traverse and may have been even 
more restricted. Under these circumstances, 
an observation made solely in the water tra- 
versed during the first seven minutes would 
have given a very different result from that 
actually obtained; or, to put it another way, 
had two expeditions taken samples that eve- 
ning at what might well be considered as the 
same station, but a few hundred yards apart, 
they might have arrived at very different con- 
clusions as to the constitution of the plank- 
ton in that part of the ocean. 

It is interesting to note that enormous 
numbers of Oikopleura “ houses” covered with 
diatoms were present in some of the gather- 
and the abundance of the diatom 
Thalassiosira Nordenskioldii was phenomenal. 
We have some reason to think that there has 
been an exceptional flow of cold water from 
the north into the Irish Sea this spring and 
that may account for the presence of this 
northern diatom which has not been found in 
our region before. 

As an example of two surface nets hauled 
together which gave much the same quantity 
of plankton, but where the gatherings dif- 
fered widely in their nature, I may give the 
details of April 13. [Slide shown and de- 
tails explained.] 

The bearing of such observations as these 
upon some recent speculations as to the fish- 
population of the sea, and even as to the 
amounts of food-matters present in the waters 
of large areas, is obvious. Nothing in the 
economies of the sea could be more important 
than such speculations in regard to what I 
have proposed should be called the “hylo- 
kinesis ” of the ocean, if we could be certain 
that our conclusions are correct, or even that 
they are reasonably close approximations. 

It is possible to obtain a great deal of in- 
teresting information in regard to the hylo- 
of the without attempting a 
numerical accuracy which is not yet attain- 
The details of measurement of catches 


ings; 


kinesis sea 


able. 


and of computation of organisms become use- 
less and the exact figures are non-significant, 
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if the hauls from which they are derived are 
not really comparable with one another and 
the samples obtained are not adequately repre- 
sentative of nature. If the stations are so 
far apart and the dates are so distant that 
the samples represent little more than them- 
selves, if the observations are liable to be 
affected by any accidental factor which does 
not apply to the entire area, then the results 
may be so erroneous as to be useless—or worse 
than useless, since they may lead to deceptive 
conclusions. 

My view in brief is: (1) That we must in- 
vestigate our methods before we attempt to 
investigate nature on a large seale, (2) that 
we must find out much about our gatherings 
of organisms before we can consider them as 
adequate samples; and (3) that we must make 
an intensive study of small areas before we 
draw conclusions in regard to relatively large 
regions such as the North Sea or the Atlantic 


Ocean. 
W. A. HerpMan 


A SIMPLE ELECTRIC THERMOREGULATOR 

THE advantage of electricity over gas for 
heating paraffin baths, incubators, culture 
chambers, etc., in laboratories is well known. 
Electric thermoregulators for use in connec- 
tion with such apparatus have appeared from 
time to time; but, as far as I know them, they 
are all more or less complicated or expensive. 

The electric heating coil and regulator de- 
vised by Professor E. L. Mark’ and used with 
success in the laboratories of the museum of 
comparative zoology at Harvard University 
ever since, costs between $25 and $30 for each 
bath. The expense of this device excludes its 
use in many laboratories, especially those in 
which quite a number are desired for indi- 
vidual use. 

It was for the purpose of heating a small 
paraffin bath with a sixteen-candle power in- 
candescent lamp that I first devised an electric 
thermoregulator. Later modifications of this 
piece of apparatus resulted in two forms, a 
mercury regulator and a glycerin or air regu- 

‘Mark, E. L., “A Paraffine Bath Heated by 
Electricity,’ Amer. Nat., 37 (434): 115-119, 3 
figs., February, 1903. 
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lator, both of which are represented in the 
accompanying figures. Their construction 
will be clearly understood by referring to the 


figures. 























fig Z. fig I 
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Figs. | and 2. Side view of a median vertical 
section of mercury and glycerin electric thermo- 
regulators respectively. One half natural size. 
General outline, wall of glass tube; a, mercury 
or water; b, cork; ec and d-e, copper or platinum 
wire about 0.5 mm. in diameter; f, solid glass 
rod; m, mereury; g, glycerin, air, toluole, or 
chloroform. 

Fie. 3. An enlarged view of the lever d-e, with 
its connections. 


























In constructing the lever the ring at d must 
be made large enough, so that the end e, 
where the circuit is broken, will fall with 
its own weight. This ring should consist of 
several coils so as to make the rimg end of 
the lever heavier than the opposite end and 
give space enough for good electrical contact. 
Five coils, two on either side of the middle, 
is sufficient. I have also found it advisable 
to make a single turn loop in the lever near 
the middle, to connect with the ring on the 
wire c. This insures bearing always on the 
same point and prevents possible change in 
the adjustment of the regulator by the sliding 
of the ring on the lever. 
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Copper wire has proved very satisfactory in 
the construction of the lever and its connec- 
tions. I have, however, had occasion to use 
it only about one week. It may be that con- 
tinuous usage for a long period will cause 
sufficient oxidation at the point e where the 
circuit is broken, to prevent electrical con- 
tact. If this proves to be true, platinum will 
have to be substituted for copper. 

If the cork b’ is cut in half crosswise and 
a little vaselin put between the two parts as 
represented in the figures, the glass rod will 
slip through the cork very easily and there 
will be no difficulty with leakage. 

The glycerin regulator will be more compact 
and easier to manipulate if the second bend 
in the glass tube is made in a plane at right 
angles to that in which the first bend lies, and 
the third in a plane at right angles to the 
second, so that the two portions « and fA will 
lie near each other and a cross-section of the 
four straight portions will form a rectangle. 

If glycerin and mercury are used in the 
regulator, represented in Fig. 2, it can be 
easily filled by first nearly filling the entire 
tube with glycerin, then pouring the desired 
quantity of mercury into the lever end, and 
then drawing the glycerin above the mercury 
off and washing it out thoroughly with water 
and alcohol. The space above the mercury 
must be clean and dry or the cork will be 
likely to stick. 

Both regulators are adjusted in the same 
way. They are immersed in the water in the 
bath, then the glass rod f is partially or en- 
tirely withdrawn. This completes the circuit 
and the temperature begins to rise. As soon 
as it has reached the desired point, the glass 
rod is pushed in very slowly until the circuit 
is broken. The temperature now falls until 
the circuit is again complete. The adjustment 
is thus seen to be very simple. It must, how- 
ever, be remembered that owing to currents 
in the water due to unequal heating, the tem- 
perature of the water in the region of the 
thermometer compared with that in the region 
about the regulator is likely to change and so 
it is to be expected that the regulator will not 
maintain the temperature recorded when the 


Senet el 








556 SCIENCE 


circuit is first broken. It will, however, soon 
reach a state of equilibrium and remain near- 
ly constant. 

The change in temperature required to make 
and break the circuit varies with the form and 
size of the regulator used and its contents. 
In the mercury regulator constructed as rep- 
resented in Fig. 1 it is less than one half 
degree. In the regulator made as represented 
in Fig. 2, containing glycerin and mercury, it 
is less than one tenth degree. If air is sub- 
stituted for glycerin, the regulator is still 
more sensitive, but the temperature main- 
tained varies nearly two degrees with extremes 
in barometric pressure. Barometric changes, 
however, affect the liquid regulators but very 
little. If water and air are substituted for 
mercury and air, the temperature variation is 
slightly increased. 

The advantage of glycerin toluole and chlo- 
roform ever mercury lies in the fact that they 
have a much higher index of expansion than 
mercury and, at least glycerin and chloroform, 
are much cheaper. 

Both forms can be made more sensitive, 
(1) by increasing the length of the chamber 
containing the mercury, glycerin or other sub- 
stances, (2) by increasing the diameter of the 
tube near the electric end so as to admit the 
use of a longer lever, (3) by increasing the 
ratio between the diameter of the tube and 
that of its constriction. (A constriction can 
be made use of in the glycerin regulator as 
well as in the one containing only mercury.) 
It will thus be seen that there is theoretically 
no limit to the possible sensitiveness of these 
regulators. 

A glass tube having an inside diameter of 
7 mm., reduced to 2 mm. at the constriction, 
was found to be suitable for the construction 
of these regulators. In making the constric- 
tion the tube should be heated and rotated 
until the walls fall in before it is drawn out, 
so that they will become thick and the tube 
will be strengthened at this otherwise weak 
point. No special care need be exercised in 
bending the tube; various other forms than 
those represented will answer the purpose just 
as well. 
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Either form of the regulators described can, 
of course, be used in connection with “ heat- 
ing coils,’ such as described by Professor 
Mark or others, or in connection with incan- 
descent electric bulbs. The latter are usually 
furnished without charge by electric power 
and lighting companies. They serve the pur- 
pose fairly well, although some inconvenience 
must be expected, owing to the liability with 
which they burn out, unless several are used 
in heating each bath. 

In case bulbs are used and apparatus is con- 
structed with this in view, I think metal tubes 
large enough to admit a bulb should be sol- 
dered in the side near the bottom. If the 
cylindrical form of bulb is used these need 
not be large. The tubes should be dead black 
inside and closed after the lamps are in. In 
this way practically all the light energy is 
transformed into heat energy. 

Heating with electricity is somewhat more 
expensive than heating with gas. I was, how- 
ever, surprised to find that a sixteen-candle 
power incandescent lamp, with the circuit 
broken nearly three fourths of the time, will 
maintain a temperature between fifty and 
sixty degrees in a well-insulated bath which 
holds about one liter. S. O. Mast 


JouHNS HOPKINS UNIVERSITY 


SEISMOGRAPHS IN UTAH 


Ir may be of interest to many to know that 
seismographic apparatus has recently been in- 
stalled at the University of Utah. The univer- 
sity campus covers part of a shore terrace 
built by the Pleistocene water-body known 
as Lake Bonneville on the easterly outskirts 
of the region now occupied by Salt Lake City, 
and lying practically at the base of the Wa- 
satch range. The Wasatch Mountains are of 
immature age, and consequently are now 
rising. Raw scarps at the foot of a spur just 
northeast from the city, and similar scarps at 
the base of the main range a short distance 
to the southeast, tell of comparatively recent 
up-slips of these sections of the mountain 
mass. At the Wasatch base directly east from 
the city, along the line of the bench-land junc- 
tion with the mountain mass, there is little 
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evidence of fault movement at all comparable 
as to recency with the fresh scarps northerly 
and southerly from the locality described. 

This fact and others of related significance 
have inspired the prediction that the next or 
at least a relatively early orogenic uplift in 
this section of the Wasatch terrane will result 
in a break to the east from Salt Lake City, 
with accompaniments of destructive earth- 
quakes. 

The foundation of this prophecy of assured 
calamity has been questioned by the writer.’ 

It is a fact that slight earth tremors occur 
at frequent intervals in the Salt Lake Valley. 
These tremors originate differently, mainly as 
follows: (1) in orogenic slips incident to the 
rise of the Wasatch mass, or, more precisely, 
incident to the upward slip of some particular 
section of the range, since the mountain mass 
does not move as a whole; (2) in the slips in- 
cident to the readjustment of the monoclinal 
crust-blocks composing the Basin Ranges to 
the west. These conditions of crustal move- 
ment in this vicinity warrant the statement 
that sesimographic records here obtained 
promise results of both interest and value. 

The writer is pleased to report the installa- 
tion of a pair of seismographic pendulums in 
Utah. The apparatus as a whole may be 
designated as the Omori-Bosch seismograph. 
It was imported from Bosch, Strassburg. 

Before deciding on the purchase of this 
type of apparatus, the writer inquired by cor- 
respondence and personal visits as to instru- 
ments for recording earth movements now in 
operation in this country. The results showed 
but few installations, and, according to the 
reports, a considerable number of these were 
of doubtful efficiency. 

The Omori-Bosch seismograph includes a 
weight of 100 kilograms suspended by a flex- 
ible wire and supported in part by a cone and 
socket attachment extending from an iron 
column four and a half feet high, said column 
being firmly anchored to a massive pillar 


“See Lake Bonneville, by G. K. Gilbert, Mono- 
graph I., U. S. Geol. Surv., pp. 361, 362. 

* Scottish Geographical Magazine, September, 
1902, 
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rising from a deep foundation and isolated 
from floor and other surface contact. At- 
tached to the weight is a skeleton cone of 
aluminum rods, which, with frictionless at- 
tachments, operates a fine recording pen or 
point. The tracing point rests on the surface 
of a paper-covered revolving drum. The paper 
is glazed on one side, and when placed in posi- 
tion on the drum is lightly smoked. 

A reliable contact clock is electrically con- 
nected with the recording mechanism, and a 
metallic point projecting from the armature 
of an electro-magnet makest its imprint upon 
the smoked paper at intervals of minutes or 
seconds. The record during a period free 
from earth tremors is a series of uninterrupted 
lines with dots indicating time intervals; dis- 
turbances are shown by cross tracings, of wide 
amplitude and short duration when caused by 
superficial jarring of the instrument, but 
smaller as to amplitude, and otherwise dis- 
tinctively different if caused by an earth 
tremor reaching the pillar from below. 

The equipment at the University of Utah 
comprises two instruments as described; these 
are set respectively on the north-south and 
east-west lines. One clock makes synchro- 
nous record on each of the two drums. 

The sensitiveness of the apparatus is sur- 
prising. <A blast from the human lungs im- 
pinging upon the side of the supporting pillar 
is definitely recorded. A heavy hammer blow 
on the end of the pillar, if delivered on the 
line of the main axis—north-south or east- 
west according to the pillar that is struck— 
makes no tracing beyond that due to a slight 
upward jolt of the recording pen and the re- 
turn of the point perhaps a little out of its 
normal position. 

Each instrument is mounted on a pillar or 
pier of concrete, extending about 15 feet be- 
low the floor. The entire apparatus is en- 
closed within a tight case with glass sides. 

On July 2 a powder explosion occurred 
about three miles from the university grounds. 
The explosive was fired while packed in 
freight cars awaiting removal to the magazine 
buildings near by. According to report 725 
kegs of blasting powder and a ton of giant 
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powder exploded. The cars were blown to 
bits, rails were broken and warped and the 
pieces were hurled to great distances; houses 
in the vicinity were wrecked; and the force 
of the explosion was felt throughout the city. 
The seismographs recorded the surface move- 
ment as a cross tracing, distinct but suscept- 
ible of measurement only with the aid of a 
lens. 


J. E. TALMAGE 


MASS AND ENERGY 

Tue following is an outline of some inter- 
esting theoretical results, a full account of 
which will shortly appear elsewhere. 

If a piece of matter be considered as an 
electrical system, possessing any structure or 
internal motions, but having on the whole a 
kind of average symmetry, then it may be 
shown that the electromagnetic mass of such 
a system for ordinary velocities is given by 


= 2 oe 


Mass = 3g yi = 


where V is the velocity of light and £ is the 
total electromagnetic energy of the system. 
Thus the mass of the system is determined 
solely by its energy content, and the idea is 
suggested that mass and energy may have 
something in common. This result has sev- 
eral interesting implications. 

Any reaction which is caused by the action 
of electric forces will involve a change in the 
electromagnetic energy content of the system, 
and hence according to the above view will be 
accompanied by a change of mass. This 
change will, of course, in general be a de- 
crease. In the case of ordinary chemical re- 
actions calculation shows that this change 
would be too small to be detected, but in the 
case of radioactivity, where the energy lost is 
relatively much greater, a sensible change is 
to be expected. Thus on this view the atomic 
weight of the various products of radium can 
not be accurately calculated from the number 
of a-particles lost, for there is this further de- 
crease in mass due to the loss of energy. 

The evolutionary theory of the elements has 
always met an almost insuperable difficulty in 
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the fact that there appears to be no ezac{ 
regularity of any kind throughout the list of 
atomic weights. 

Some years ago Rydberg came to the con- 
clusion that it was necessary to consider the 
atomic weights, up to that of iron, as made 
up of two distinct parts N + D, where D is a 
very small difference, a slight deviation in fact 
from (N). Exact harmonious relations exist 
between the various N’s and Rydberg seems 
to consider the D’s as representing real phys- 
ical deviations and not merely mathematical 
remainders. 

From the point of view of loss of mass ac- 
companying energy dissipation, it is evident 
that these small irregularities are just what 
is to be expected. 

Finally it is to be noticed that if for all 
matter the ratio of mass to weight is sensibly 
the same, the above mentioned proportionality 
between mass and included energy can only 
imply that the gravitation of a body is always 
proportional to its total energy content, and 
this constant proportionality seems to point 
toward the conclusion that it is confined 
energy which gravitates and not mass in any 
other sense. 

It is perhaps well to point out that the con- 
clusion respecting gravitation involves the as- 
sumption that all the mass of matter is electro- 
magnetic, while the conclusion respecting loss 
of mass and atomic weight irregularities re- 
quires only that the forces causing the energy 
change be electric or magnetic, 7. e., requires 
only that part of the total mass be of electro- 
magnetic origin. 

Dantet F, Comstock 

Mass. INSTITUTE OF TECHNOLOGY, 

September 9, 1907 





NOTES ON ENTOMOLOGY 


ANoTHER heavy installment of Wytsman’s 
“Genera Insectorum,” has made its appear- 
ance. Fascicle 46° by Otto Schwarz com- 
pletes the Elateride or click beetles; it com- 
prises pages 225 to 370, and six colored plates. 
The types of the genera are not indicated, 
and the references are incomplete. In the 
case of new genera there is nothing te show 
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in what genera the component species were 
formerly placed, and an author’s interpreta- 
tion of a genus is placed under another genus 
as a synonym without hinting that that 
author was not the original describer of the 
venus. A new genus—Parallelostethus—in- 
cludes P. attenuatus Say, the Ludius atiten- 
vatus of the Henshaw list. 

Faseicle 50 is on the Plastoceridx, a small 
croup near Elateride; it is by Otto Schwarz; 
9 pages, 1 plate. Many species of this group 
are from California. 

Fascicle 51 is on the Dicronychide, a small 
croup of African beetles near to the Elate- 
ride; it is also by Otto Schwarz, 5 pages, 1 
plate. 

Fascicle 52 is by H. Schouteden on the 
subfamily Asopine of the Pentatomide; 82 
pages and 5 colored plates. He _ restricts 
Perillus to P. confluens, and for our other 
species makes a new genus, Perilloides. For 
Podisus he uses the same Apateticus Dallas, 
and most of our species fall in a new sub- 
genus—Eupodisus. This fascicle is easily 
above the average of the “ Genera.” 

Faseicle 53 is on the Lampyride or fire- 
flies, by E. Olivier; 74 pages and 3 colored 
His idea of the family is much nar- 
rower than that of Leconte; the Lycini, 
Phengodini and Teleophorini are omitted. 
He uses Lecontea for Pyractomena of our 
lists, and Ellychnia and Pyropyga fall as 
synonyms of Lucidota. Over 1,000 species are 
catalogued, but unfortunately many are 
briefly described in foot-notes. 

Fascicle 54 is by J. J. Kieffer on the Dry- 
inide; 33 pages, 2 plates. This includes 
about 300 species. There is no mention of 
the family Proctotrypide, under which family 
these tiny Hymenoptera are known to most 
entomologists. The genera are extremely 
numerous for a small family. 

Fascicle 55, by R. Shelford, on the subfamily 
Ectobine of the Blattide, or cockroaches; 13 
pages, 1 plate. It includes a table of the 
subfamilies of cockroaches. 

Fascicle 56 is by V. L. Kellogg on the 
fragile flies of the family Blepharoceride; 15 


plates. 
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pages, 2 plates, one of the plates with figures 
of larve. It is much less valuable than his 
paper on the American forms. 


Tue late Baron Edmond de Selys Long- 
champs made provision for the publication of 
a descriptive catalogue of his collections, now 
in the Belgian National Museum. His col- 
lection was largely in Neuroptera, and in the 
Odonata, or dragon-flies, it was the largest 
and most important in the world. Two parts 
of this descriptive catalogue are now issued. 
Fascicle XVII, on the Cordulines, a group of 
dragon-flies, is by René Martin; 94 pages, 3 
colored plates, and 94 text figures. This part 
includes all the described species, and a de- 
scription is given of each form, many of them 
new. The references are often incomplete, 
and there seems to be a general lack of sys- 
tematic treatment. The second part to ap- 
pear is fascicle VI. on the Trichoptera, or 
caddice-flies ; it is by Georg Ulmer, 102 pages, 
4 colored plates and 132 text figures. It 
includes only species in the Selys collection, 
which was not large in this group. The new 
species are mostly from Japan; new descrip- 
tions are given of several American species. 
Unfortunately the author has been careless 
in the use of the word “ type.” 


Proressor C. Frionnet has treated sys- 
tematically the caterpillars of France.’ He 
gives a general account of caterpillars and 
chrysalides, and a synoptic table to the cater- 
pillars of the 213 species of butterflies known 
to occur in France. Under each species there 
is a description of the caterpillar, the date 
of feeding, name of food plants, eggs, dis- 
tribution in France, habits, and the known 
parasites. There are lists of parasites and 
hosts, and of plants and caterpillars feeding 
on each. An extensive bibliography of the 
subject is given in the early part of the book. 
A work on the caterpillars of the Eastern 
States, on the same plan, would be of great 
value. 

*“ Les premiers états des Lepidoptéres francais: 


Rhopalocera,”’ Mém. Soc. Lett. Sci. Arts Agric. 
Ind. St.-Dizier ; 322 pp., 3 pls., 1906. 











560 


Dr. F. V. Tueopatp has issued another 
volume of his monograph of the mosquitoes.’ 
This is the second supplementary volume, and 
we are told in the preface that another volume 
is in active preparation. This volume con- 
tains the descriptions of 160 species described 
since the publication of Volume III. and the 
descriptions of seventy-three new species, none 
of the latter being from our country. There 
is a review of the classifications that have 
been proposed since Volume III., and he 
clings to his former methods, with the addi- 
tion of some characters derived from the 
papers of Lutz. Most of the plates represent 
portions of wings showing the nature of the 
scales; others show genitalia and larve. 
There is no bibliography included in this 
volume. 


Dr. Orro SCHMEIDEKNECHT has published a 
work® of great usefulness, not only to Euro- 
peans, but to Hymenopterists throughout the 
world. Many of the European genera occur 
in our country, and their careful tabulation 
will assist us in recognizing them. The book 
contains 800 pages and 120 text figures; more 
of the latter would materially strengthen the 
work. Synoptic tables are given to the spe- 
cies in all groups except the three large 
families of micro-Hymenoptera, the saw-flies, 
certain Ichneumonide, and some genera of 
bees, as Colletes and Sphecodes. 


Tue tiny blood-sucking flies of the genus 
Phlebotomus, as little known as the mosquitoes 
were twenty years ago, now come into promi- 
nence through a paper by Professor B. Grassi.‘ 
He has obtained an Italian species, worked 
out its life history, studied its anatomy both 
external and internal, and presented the re- 
sults on four beautiful double plates. The 
previous record of a larva of this genus was 
for an African form found in cesspoo!s, but 


7“ A Monograph of the Culicide of the World,” 
Brit. Mus. Nat. Hist., 1907, pp. 639; 16 plates, 
297 figures in text. 

*“ Die Hymenopteren Mitteleuropas, nach ihren 
Gattungen und zum grossen Teil auch nach ihren 
Arten analytisch bearbeitet,” Jena, 1907. 

*“ Ricerche sui Flebotomi,” Mem. Soc. ital. 
Scienze (3), Vol. XIV., pp. 353-390, 1907, 4 pls. 
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the Italian species lives in moist soil. This 
larva has four long terminal bristles, and 
differs greatly from the larva of Psychoda, 
and would seem to warrant a still greater 
separation of this genus from the true Psycho- 
dide. Grassi gives a long account of the 
previous writings on the genus. 


Mr. E. E. Austen’s recent work on the 
blood-sucking flies is chiefly remarkable for 
the beauty and accuracy of the plates;* these 
are comparable only to the plates issued by 
the same author on the tsetse flies. Thirty- 
five species are figured, and several others are 
referred to in the text; eight of these are mos- 
quitoes, and seventeen are Tabanidw. He 
states that our “horn-fly” known to us as 
Hematobia serrata should be called Lyperosia 
irritans Linn. 

Mr. E. R. Burpon has given us an in- 
teresting historical account of the origin of 
two generic names.” He shows that as 
“ Kermes” the dye-insect of the oak was well 
known in Southern Europe, and so used by 
Linneeus in the second edition of his “ Sys- 
tema Nature.” Later, in the seventh edition 
he put this insect in Coccus, and used Chermes 
for other Hemiptera. Geoffroy used Chermes 
for Coccus or the original Kermes of Linnzus. 
Then Boitard went back to the original spell- 
ing, using Kermes, while Hartig retained 
Chermes for the aphid genus. 


One of the largest general works on ants 
has recently been published, but entirely in 
the Russian language.” It includes an exten- 
sive bibliography of 915 numbers, an intro- 
duction in which he discusses the structure 
and classification of ants, and a systematic 
treatment of the Russian forms. Tables to 
the genera are followed by the characters, 
habits and distribution of each genus in detail. 
Then the species are deseribed, with keys 


°*“ British Blood-sucking Flies, with Notes,” 
Brit. Mus. Nat. Hist., 1906, 74 pp., 34 plates. 

** Note on the Origin of the Name Chermes or 
Kermes,” Jour. Linn. Soc. Lond., Zool., XXX., 
pp. 5-9, 1907. 

*“Formicarie Imperii Rossici,’” Kasan, 1906, 
800 pp., 176 figs., by M. Rusky. 
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under each genus. Altogether there are 258 
forms, of which 161 are species or subspecies, 
the others being classed as varieties. Many 
varieties and several subspecies are new, but 
described only in Russian. The habits and 
distribution in Russia of each species is given 
often in much detail. The Caucasus region 
appears to be the richest in species. The 
author recognizes but four subfamilies: 
Camponotine, Dolichoderine, Myrmecine and 
Ponerine. 
NatHan Banks 
U. S. DEPARTMENT OF AGRICULTURE 





DIBT AND ENDURANCE AT BRUSSELS 


Mute. Dr. J. loreyKo, head of the laboratory 
at the University of Brussels, and Mlle. Varia 
Kipiani, student in science, have published a 
monograph of seventy-seven pages: “ En- 
quéte Scientifique sur les Végétariens de 
Bruxelles.” * In this monograph the question 
of vegetarianism is studied by several methods. 
The authors have become convinced that the 
vegetarian régime is for the most part a more 
rational one than the highly nitrogenous diet 
ordinarily prevailing in Western Europe and 
America. 

In the brief introduction, general considera- 
tions in regard to diet are mentioned and 
special emphasis given to the subject of toxins. 
The authors quote, in behalf of their conclu- 
sions, the eminent French dietitian, Armand 
Gautier, “ who, without himself being a vege- 
tarian, praises the good effects of the vege- 
tarian régime.” The authors quote Gautier as 
follows: 

The vegetarian régime, modified by the addition 
of milk, of fat, of butter, of eggs, has great ad- 
vantages. It adds to the alkalinity of the blood, 
accelerates oxidation, diminishes organic wastes 
and toxins; it exposes one much less than the 
ordinary régime to skin maladies, to arthritis, to 
congestions of internal organs. This régime tends 
to make us pacific beings and not aggressive and 
violent. It is practical and rational. 


The authors, while apparently classifying 
themselves as advocates of vegetarianism, 
admit that in certain cases it is necessary to 
prescribe meat as a “ medicament ”—“ just as 

‘ Brussels, Henry Lamertin. 
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one prescribes sometimes alcohol and other 
poisons.” The authors also observe that the 
transition to a vegetarian diet should be 
gradual. 

The personal history is traced of forty-three 
vegetarians of Brussels. Among other inter- 
esting observations is the following: 

For the most part the vegetarians appear 
younger than their age; notably the ladies are 
distinguished by their clear and fresh complexion. 

The experiments conducted by M_lles. 
Ioteyko and Kipiani are restricted to vege- 
tarians who have been such for several years. 
The experiments were, for the most part, com- 
parisons of strength and endurance. So far 
as strength is concerned, very little difference 
was discovered between vegetarians and 
“carnivores.” In endurance, on the other 
hand, a very remarkable difference was found, 
the vegetarians surpassing the carnivores from 
50 to 200 per cent., according to the method 
of measurement. 

This result agrees with the experiment on 
nine Yale students described in Sctence.’ 
These subjects, by dint of thorough mastica- 
tion, gradually lost their taste for flesh foods. 
At the end of five months, while not becoming 
vegetarians, they had reduced their consump- 
tion of flesh foods to one sixth of the amount 
to which they had originally been accustomed. 
Their strength remained practically stationary, 
but their endurance, according to the gym- 
nasium tests, was increased on an average by 
over 90 per cent. 

The method of measuring endurance used 
by the Belgian investigators was by means of 
the Mosso ergograph. One of the fingers is 
used to raise a weight as far as possible. As 
the experiment proceeds and fatigue sets in, 
the height to which the weight can be raised 
is gradually reduced until no further contrac- 
tions are possible. If a curve be constructed 
representing the height of the successive con- 
tractions, it is called a “ curve of fatigue,” and 
it is found that this curve is “ different for 
different individuals, but is constant for the 
same individual from one day to another and 
even after an interval of several years, if the 


?N. S., Vol: XXIV., No. 620, Nov. 16, 1906. 
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conditions of the experiment remain the 
same.” 

The authors compared the endurance of 
seventeen vegetarians, six men and eleven 
women, with that of twenty-five carnivores, 
students of the University of Brussels. Com- 
parisons for the right hand differed somewhat 
from those for the left, the superiority of the 
vegetarians being greater for the latter than 
for the former. Comparing the two sets of 
subjects on the basis of mechanical work, it 
is found that the vegetarians surpassed the 
carnivores on the average by 53 per cent. 
Comparing the two groups on the basis of the 
number o. contractions—or, what amounts to 
the same thing, the length of time during 
which the ergograph could be continuously 
operated—it was found that the vegetarians 
could work on the ergograph two or three times 
as long as the carnivores before reaching the 
exhaustion point. 

This last result corresponds to conclusions*® 
of the. present writer in an experiment in 
which forty-nine subjects, about half of whom 
were flesh-eaters and half flesh-abstainers, 
were compared. It was found that the flesh- 
abstainers had more endurance, as measured 
by gymnasium tests, than the flesh-eaters, to 
the extent of from two to three fold. 

The Brussels investigators found also that 
the vegetarians recuperated from fatigue far 
more quickly than the meat-eaters, a result 
also found in the Yale experiment. 

An interesting mathematical study of the 
fatigue curve is made in which the equation 


n= H —at® + bt?—ct 


is used. In this equation 7 represents the 
height of the contraction at any time; ¢ repre- 
sents time and H, a, b, c, are constants. H is 
the height of initial or maximum contraction. 
The authors believe that a is a parameter meas- 
uring the toxicity of albumencids in their effect 
on the muscles. The numerical value of a is 
very small, but as it is a coefficient of the cube 
of the time during which the experiment is 
continued, the cumulative effects of these toxins 
is very rapid. The parameter b is believed to 

*“ The Influence of Flesh-eating on Endurance,” 
Yale Medical Journal, March, 1907. 
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refer to the excitability of the central nervous 
system, and c to the utilization of carbo- 
hydrates. The authors refer to previous 
memoirs of J. Ioteyko to justify these interpre- 
tations of the coefficients. After laborious 
computations, it is found that the average of 
the coefficient a for the carnivores is .00305 and 
for the vegetarians .00015. The average 
coefficient b for the carnivores is .086 and for 
the vegetarians .023. The average coefficient 
c for the carnivores is 1.94 and for the vege- 
tarians 1.46. The average of the constant H 
of the carnivores was 38.7 and for the vege- 
tarians 31.7. 

The authors conclude by advocating a vege- 
tarian régime as a proper system for working 
men, and believe that its use would reduce the 
accidents on railways and in industry which 
come from over-fatigue, increase the produc- 
tivity of labor, as well as have other economic 
benefits. 

The monograph of Mlles. Ioteyko and 
Kipiani is especially interesting as confirming 
the trend of many modern studies. It agrees 
in substance with the conclusions in a popular 
book published a year ago in England by T. 
Russell on “Diet and Strength.” The phi- 
losophy, however, by which these harmonious 
results are explained by various investigators 
is not the same. Russell and Mlles. Ioteyko 
and Kipiani regard the inferior endurance of 
meat-eaters as due to specific toxins in flesh 
foods, and therefore are avowed vegetarians. 
Under Professor Chittenden’s theory, on the 
other hand, the facts brought forward by 
Miles. Ioteyko and Kipiani, as well as by Mr. 
Russell and the writer, would be interpreted 
as primarily due to the superiority of “low 
proteid ” rather than of a non-flesh diet. For 
this and other reasons, Professor Chittenden 
and most other modern physiologists avcid the 
term “ vegetarian” as inappropriate and mis- 
leading. A vegetarian may, through a wrong 
selection of his food materials, suffer from the 
evils of high proteid, and a flesh-eater may, if 
he consumes flesh sparingly, have the advan- 
tages of a low-proteid diet. 

It is possible that flesh-eating, as ordinarily 
practised, is injurious both because of ex- 
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cessive proteid and because meat, as such, 
contains poisonous elements. It is well known 
that Liebig came to repudiate the idea that 
the extractives of meat were nutritious, and 
that investigation has shown them to be 
poisonous. Recently, Dr. F. B. Turck has 
found’ that dogs, mice and rats fed on meat 
extractives exhibit symptoms of poisoning and 
often die. The poisonous effect is aggravated 
by intestinal bacteria which find in these ex- 
tractives an excellent culture medium. Dr. 
Turek concludes: 

(1) It is clearly evident from these experi- 
ments, which correspond to the investigations of 
others, that the injurious effects of meat are not 
due so much to the muscle proteid, myosin, as to 
the extractives. 

(2) That the injurious effects of the extractives 
are inereased through the action of intestinal 
bacteria. 

Dr. Turck does not find any evidence that 
the extractives in small quantities are in- 
jurious. 

Dr. Turek therefore concludes that the 
“high liver” who uses much flesh and also an 
excess of starch and sugar is a “ bad risk ” for 
life insurance companies. He recommends, if 
meat is to be used, that the extractives first be 
removed by special processes which he ex- 
plains. He finds that the remaining part of 
the meat is highly nutritious and an invalu- 
able aid in many eases of weak stomachs. 
He supplies much clinical evidence of the evils 
of ordinary meat-eating, as well as of the 
benefits obtainable from extract-free meat. 

These investigations, with those of Combe of 
Lausanne, Metchnikoff and Tissier of Paris, as 
well as Herter and others in the United States, 
seem gradually to be demonstrating that the 
fancied strength from meat is, like the fancied 
strength from alcohol, an illusion. The “ beef 
and ale of England” are largely sources of 
weakness, not strength. Whether in modera- 
tion they are harmful may still be a matter of 
conjecture. While the trend of recent experi- 
ments is distinctly against the excessive use of 
flesh foods, there are still needed many more 

*“ Effect on Longevity of High Living,” by 
Fenton B. Turck, M.D., The Medical Examiner 
and Practitioner, Vol. XVII., No. 8, August, 1907. 
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experiments—medical, athletic and industrial 
—before the economics of diet can be estab- 
lished on a secure basis. The experiment with 
a vegetarian or semi-vegetarian diet at the 
University of Chicago, which Director Stagg 
is to make with the athletic teams, will be 
watched with interest. 

Miles. Ioteyko and Kipiani seem to place 
a larger reliance on the ergographic tests than 
most physiologists. A thoroughly reliable 
method of measuring endurance seems still to 
be a desideratum. 

Irvine FIsHEer 





A NEW NATIONAL BUFFALO HERD 


THE buffalo herd which was presented to 
the national government by the New York 
Zoological Society last year, to form the 
nucleus of a great southwestern herd, was 
shipped on October 11 to the new range of 
7,680 acres that has been prepared for it in 
the best portion of the Wichita Game Reserve, 
southwestern Oklahoma. On October 10 fif- 
teen fine animals, the pick of the splendid 
herd of forty-five head in the New York Zool- 
ogical Park, were crated for shipment, each 
in a roomy and comfortable crate, and shipped 
to Cache, Oklahoma. In view of the nature 
and object of the shipment—a gift to the 
people, for the express purpose of helping to 
preserve the American bison from ultimate 
extinction—the American Express Company 
and the New York Central Lines transport 
the two cars free of charge from New York 
to St. Louis, and the Wells-Fargo Express 
Company also makes a free gift of the trans- 
portation over the ’Frisco Road from St. Louis 
to Cache. Both these favors are greatly ap- 
preciated by the Zoological Society, which had 
undertaken to make delivery at Cache. 

In 1906, the New York Zoological Society 
received from the director of the Zoological 
Park a suggestion that the society offer to 
the national government, as a gift, a herd of 
fifteen buffaloes with which to start a new 
national herd. The proposal was warmly en- 
dorsed by the executive committee of the 
society. The offer was made to the Secretary 
of Agriculture, who immediately accepted it, 
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and invited the society to select a site for the 
new fenced range that would be necessary. 
Forthwith the society despatched a special 
agent, Mr. J. A. Loring, who went to the 
Wichita Reserve, and with Supervisor E. F. 
Morrissey, carefully examined the whole avail- 
able territory. A location was agreed upon, 
and duly mapped out. Mr. Loring submitted 
to the society an elaborate and thorough report, 
which was transmitted to the Department of 
Agrieulture, and to Congress. Secretary 
Wilson secured a special appropriation of 
$15,000 for the erection of a wire fence to 
enclose twelve square miles of range, and to 
erect corrals, sheds, and a hay barn. This 
work has been proceeding, and will soon be 
completed, under the direction of the Forestry 
Bureau of the Department of Agriculture, 
whose officers have from the first been keenly 
interested in the undertaking. All the im- 
provements were planned by Mr. Hornaday, 
and the animals for the nucleus herd were 
carefully selected by him. 

The buffalo herd of the New York Zoolog- 
ical Park has for a long time been one of the 
finest sights of that great home for wild ani- 
mals. Originally planned to contain twenty 
head, it numbered previous to this shipment 
forty-five as handsome buffaloes of all ages as 
ever were brought together. Ten lusty calves 
have been born this year. 

But, notwithstanding the fine condition of 
this herd, the officers of the Zoological Society 
know that the only sure way by which the 
American bison can be preserved in full vigor 
for the next two hundred years, or more, is 
by establishing herds under national or state 
ownership, on public lands, in ranges so large 
and so diversified that the animals will be wild 
and free. Under such conditions, Dr. Horna- 
day declares that no ill effects from inbreed- 
ing ever need be feared. 

The herd forwarded to Oklahoma is com- 
posed as follows: six breeding cows; one big 
bull, “ Comanche,” five years old, and master 
of the herd; one bull three and one half years 
old, two bulls and one cow in third year, one 
bull and one cow in second year, and one pair 
of calves, male and female, six months old. 
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In this collection, four different strains of 
blood are represented, and after this succes- 
sion of breeding males has been exhausted, 
there will be nothing to fear from inbreeding. 

The shipment went forward in charge of 
Frank Rush, keeper of the Wichita Buffalo 
Range, and H. Raymond Mitchell, chief clerk 
of the New York Zoological Park. The buf- 
faloes were shipped in two patent stock cars, 
and traveled in passenger trains the whole dis- 
tance. On arriving at Cache, teams were in 
readiness, and the animals were hauled, crated 
as they were, twelve miles to the new range. 
The utmost care will be observed to prevent 
infection by the Texas fever tick that is such 
a scourge to cattle in the southwest. 





THE WISCONSIN GEOLOGICAL AND NAT- 
URAL HISTORY SURVEY 


THE survey is just closing its field season 
for 1907. In addition to the regular income 
of $10,000, the survey received from the last 
legislature a special appropriation of $10,000 
annually for two years; to be used chiefly for 
roads. The state has a constitutional prohibi- 
tion against the use of money for internal 
improvements, and an amendment for the re- 
peal of this prohibition has passed two suc- 
cessive legislatures and will be submitted to 
popular vote in 1908. Meanwhile, the survey 
will use this small fund in advising local 
authorities how to build roads as well as may 
be under present conditions. Mr. W. O. 
Hotchkiss, the economic geologist, is devoting 
most of his time to this department. Mr. A. 
R. Hirst, formerly in the employ of the State 
Highway Commission of Illinois, has been ap- 
pointed engineer. Under their direction a 
stretch of experimental road was built at the 
state fair in Milwaukee during September and 
a roads convention was held, attended by 
several thousand persons from all parts of the 
state. 

Dr. Samuel Weidman and Mr. E. B. Hall 
of the department of areal geology have ex- 
tended their survey of the northwestern coun- 
ties of the state and have nearly completed the 
field work of this area. Dr. Weidman’s re- 
port on the north central area, including about 
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7,200 square miles, has just been issued in a 
volume of some 700 pages. 

The survey of the lead and zinc region of 
Southwestern Wisconsin, which is under the 
direction of Mr. Hotchkiss, has been extended 
by the work of a party of geologists and topog- 
raphers, under the immediate charge of Mr. 
Edward Steidtmann. Nearly 100 square 
miles have been surveyed and maps are being 
prepared on the scale of four inches to the 
mile, with ten-foot contours. Much detailed 
information has been secured from drill holes, 
regarding the contours of the surface of the 
base of the Galena limestone, which forms 
the bottom of the zine-bearing horizons. 

The survey has continued its work on lakes 
on a more extensive scale through cooperative 
aid furnished by the U. S. Bureau of Fisheries 
and the Wisconsin Commissioners of Fish- 
eries. The season was spent in the study of 
the lake region of Northeastern Wisconsin. 
Messrs. George Wagner and ©. T. Vorhies 
were engaged throughout the summer in col- 
lecting fish from these lakes, especially white- 
fish and lake trout. During August Mr. 
Chancey Juday, biologist, with Messrs. R. D. 
Hall and George Kemmerer, as chemist, and 
Mr. E. V. Hills, as assistant, investigated the 
lakes as to temperature, oxygen, carbon di- 
oxide, plankton, ete. Materials for study were 
obtained from nearly 70 lakes. This work 
was under the immediate charge of the direc- 
tor, Mr. E. A. Birge. 

In addition to Dr. Weidman’s report, the 
survey has just issued a bulletin by Dr. J. W. 
Goldthwait, on the abandoned beaches of Lake 
Michigan. Reports on the water powers of 
the state, by L. S. Smith, and on underground 
waters, by A. R. Schultz, are now in press. 





SCIENTIFIC NOTES AND NEWS 


Dr. Keyssenitz and Dr. Martin Meyer, 
members of the Institute for Ship and 
Tropical Diseases at Hamburg, have been sent 
to the Agricultural and Biological Station at 
Amani in German East Africa to study the 
disease-causing protozoa. 

Durinea the past summer, Professor J. W. 
Toumey, of the Yale Forest School, made an 
extensive tour of inspection for the United 
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States Forest Service through many of the 
national forests, investigating the condition of 
the forest tree plantations and nurseries which 
the national government is maintaining. 

Dr. Hetwrich Rusens, professor of physics 
at Berlin, has been elected a member of the 
Berlin Academy of Sciences. 

Dr. Franz Ricwarz, professor of physics at 
Marburg, has been elected to membership in 
the Academy of Sciences at Halle. 


Proressor Bartz, of Stuttgart and formerly 
of Tokyo, has been elected president of the 
German Society of Tropical Medicine, re- 
cently founded in Berlin. 


Mr. R. I. Smiru, formerly state entomolo- 
gist of Georgia, has accepted the position of 
entomologist to the North Carolina College of 
Agriculture and Mechanic Arts and the Agri- 
cultural Experiment Station at West Rayleigh. 

Or the Western Reserve medical staff, Dr. 
William T. Howard has returned from one 
year’s leave of absence, during which time he 
has done research work at the University of 
Munich. Dr. Howard D. Haskins, absent 
upon leave, has returned from research work 
at the University of Strassburg. Dr. Norman 
W. Ingalls, absent upon leave, returns after a 
year’s research work at Freiburg and Leipzig. 

Mr. W. L. Assort, chief engineer for the 
Chicago Edison Company, has been elected 
president of the board of trustees of the Uni- 
versity of Illinois. 

Mr. E. S. Goopricnu, M.A., F.R.S., has been 
elected to an official Fellowship at Merton 
College, Oxford, on condition of his carrying 
on scientific researches in zoology and con- 
tinuing educational work in the university. 

Dr. Hugo Hertzer, professor of graphics, in 
the technical high school at Berlin, has re- 
tired from active service. 

Tue first lecture in the present year’s 
Harvey Society course will be delivered by 
Professor E. O. Jordan, University of 
Chicago, at the New York Academy of Medi- 
cine on Saturday evening, October 26, at 8:30 
P.M. Subject: “ The Problems of Sanitation.” 
All interested are invited to be present. 


Proressor JosiaAH Royce is this year giving 
courses on ethics and metaphysics at Yale 
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University on the Harvard lectureship founda- 
tion. Professor Royce also gives a course of 
six Lowell lectures on the “ Philosophy of 
Loyalty,” beginning on November 18. 


Durine the first half of the present academic 
year Professor Frederick J. E. Woodbridge, of 
Columbia University, will continue to lecture 
on philosophy at Amherst College on Satur- 
days. 


Proressor TH. W. Ricuarps, of Harvard 
University, will give a course of eight Lowell 
lectures on “ The Early History and Recent 
Development of the Atomic Theory,” begin- 
ning on Monday, February 17. 


Tue first Thomas Young oration before the 
London Optical Society was given on October 
17, by Professor H. E. Tscherning, of the Sor- 
bonne, Paris. 


THe International Congress of Hygiene, 
meeting in Berlin, on September 27, sent on 
that day, which was the anniversary of 
Pasteur’s death, a telegram to his widow grate- 
fully recalling the memory of the immortal 
genius and unforgettable benefactor of 
humanity. 


M. Maurice Loewy, director of the Paris 
Observatory, born in Vienna in 1833, died on 
October 15, while attending a meeting of the 
national board of French observatories of the 
Ministry of Public Instruction. 


Dr. EpMuNpD von Mogstsovics, formerly vice- 
director of the German Geological Survey, has 
died at the age of sixty-nine years. 


THE observatory of the University of Mich- 
igan is being enlarged under the direction of 
Professor Hussey. The old instruments are 
being reconstructed and a new reflecting tele- 
scope added, having an aperture of about 374 
inches. The optical work for this is being 
done by the John A. Brashear Company, of 
Allegheny. 


Tue Sixth International Conference on 
Tuberculosis, held in Vienna from September 
19 to 21, adopted a resolution calling for gen- 
eral compulsory reporting, in a specified man- 
ner, of all deaths from tuberculosis of the 
lungs or throat. 
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Tue Association of Collegiate Alumnz wil} 
hold its quarter-centennial meeting at Boston 
on November 5 to 9. Addresses at the public 
meeting on November 6 are to be given by 
Professor Ellen H. Richards, of the Massa- 
chusetts Institute of Technology, on “ Pro- 
fessional Education,” by President Charles R. 
Van Hise, of the University of Wisconsin, on 
“ University Education,” and by President M. 
Carey Thomas, of Bryn Mawr College, on 
“ Women’s College and University Education.” 
Among those who will address the association 
are President Eliot, of Harvard University; 
Professor Briggs, president of Radcliffe Col- 
lege; President Hazard, of Wellesley College, 
and Professor William James, of Harvard 
University. 


Tue forty-fifth university convocation of 
the state of New York was held in the 
senate chamber at Albany on Thursday eve- 
ning, Friday, and Saturday, October 17, 18, 
and 19. Among the speakers announced 
were St. Clair McKelway; John H. Finley, 
president of the College of the City of New 
York; Sir C. Purdon Clarke, director of the 
Metropolitan Museum of Art; Frank Dam- 
rosch, director of the Institute of Musical Art; 
Hollis E. Dann, professor of music at Cornell 
University; Brander Matthews, professor of 
dramatic literature, Columbia University; 
Rush Rhees, president of Rochester Univer- 
sity, and Paul H. Hanus, professor of the 
history and art of teaching, Harvard Uni- 
versity. 

A Reuter representative on board the 
Ragnvald Jarl has received the following de- 
tails of the Arctic expedition undertaken by 
the Due d’Orléans, who, together with Dr. 
Recamier, the surgeon and naturalist of the 
expedition, has arrived in England by 
that steamer from Bergen. The expedition, 
which was on board the duke’s polar yacht 
Belgica, under the command of Captain de 
Gerlache, included four men of science, Dr. 
Recamier, Lieutenant Bergendal, Lieutenant 
Rachlew and Dr. Stappers. The ship left 
Vardé on July 9, and passed through the Ma- 
totchkin Shar on July 14. Soon after, the 
Belgica was beset with heavy ice, from which 
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she was not liberated until August 21. During 
this period a continuance of northeast winds 
eventually drifted the ship through the Kara 
Sea into Barent’s Sea. Afterwards the ex- 
pedition explored the west coast of Novaya 
Zemlya. The ship unfortunately grounded 
en an unknown shoal, and it was found neces- 
sary to lighten her by throwing out coal, a 
eourse which seriously impaired her steaming 
powers. In spite of this the voyage wa’ con- 
tinued up the northern part of Novaya Zemlya 
to 78° north. The expedition returned to 
Hammerfest on September 15, all the explorers 
being in excellent health, notwithstanding the 
anxious time they had had. The scientific 
work accomplished will, it is said, prove of the 
greatest interest, since during the whole period 
of imprisonment in the ice a continual sys- 
tematic series of observations was made. The 
Belgica with the rest of the expedition is now 
returning home via the Norwegian fjords. 


AccorpiInG to a bulletin of the U. S. Geo- 
logical Survey, the total value of the stone 
product of the country in 1906 was $66,378,794, 
an increase of $2,570,046 over that of 1905, 
and an increase of $42,413,565 over that of 
1896. The value of the granite, trap rock, 
marble, bluestone and limestone increased, 
while the value of the sandstone decreased. 
The figures are: 


Lémesheme: ssi cass bOSUSK A $27 320,243 
Geanlte. .+dssJucenainestaees 18,569,705 
Masble. o. + chcthebbethedntaee. 7,582,938 
Saneeteee ...dscansasscéatnaed 7,147,439 
Trap OGK isiki.cetensedemes ce 3,736,571 
Dee: . di dink Nikos Whee 2,021,898 


Almost all the producers, especially the 
small quarrymen, state that the cost of pro- 
duction was greater in 1906 because of the 
increase in the cost of supplies and in the 
rates of wages, especially for common laborers. 
The increased use of cement and concrete has 
also had an important effect on the stone in- 
dustry. Pennsylvania, producing chiefly lime- 
stone and sandstone, but also granite and 
marble, reported the greatest value of stone 
output for the entire United States, which was 
13.27 per cent. of the total; Vermont, produ- 
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cing granite, marble, and a small quantity of 
limestone, was second, with 11.34 per cent. of 
the total; New York, producing sandstone, 
limestone, granite and marble, ranked third; 
Ohio, producing limestone and sandstone, was 
fourth; Massachusetts, producing granite, 
marble, sandstone and limestone, was fifth; 
Indiana was sixth, followed by Illinois, Maine, 
California and Missouri, each producing stone 
valued at over $2,000,000. 


Mr. James W. Raaspae, consul-general at 
Tientsin, reports that in view of the enormous 
forestry enterprise in the three eastern prov- 
inces of Manchuria, Viceroy Hsu Shih-chang 
is going to establish a school of forestry for 
teaching the modern methods, so as to protect 
China’s interest in future. The proposed 
school will be opened in Mukden shortly. He 
also states that, according to a Tientsin paper, 
Viceroy Tuan Fang has notified the board of 
education and the Chinese foreign office that 
the German consul-general at Shanghai has 
intimated the desire of the College of Eastern 
Languages in Berlin to engage the services of 
four educated Chinese to teach Mandarin. 
The instructors would only be required to 
teach for six hours a week each, and the 
salary offered is 1,500 Marks a month each. 
The students would also be afforded every 
opportunity for continuing their own studies 
in accordance with the best modern standard. 
Tuan Fang has accordingly nominated Messrs. 
Wang, Chang, Chiang, and Liu for these posts, 
and proposes to grant them from the Nankin 
treasury 2,340 Marks each per month to cover 
incidental expenses. 





UNIVERSITY AND EDUCATIONAL NEWS 


Harvarp University has received a gift of 
2,000 acres of timber land for the Division of 
Forestry. The tract, which is said to be the 
best body of timber on an equal area in Massa- 
chusetts, was formerly the property of Mr. 
James W. Brooks, who offered it to Harvard 
at a price below its true value. Mr. John S. 
Ames, of Boston, has given the university the 
purchase money and $5,000 additional for the 
repair and equipment of the building. 


~—— 











3 
; 
- 


568 SCIENCE 


Tue official report of the Yale University 
alumni fund shows contributions during the 
last fiscal year of $72,283. The amount of the 
principal of the alumni fund on July 1 was 
$242,998. The net receipts of the fund for the 
last seventeen years during which it has been 
collected have been $464,787. 


WiturAmM Watporr Astor, who has already 
given $50,000 to Oxford University, has now 
offered to give another $50,000 as soon as $500,- 
000 is subscribed by others. 


Tue City of Saratov, Russia, has donated to 
the university which is to be established there, 
26 desjatins of ground and 1,123,000 rubles 


in money. 


THE reorganized Bulgarian University, at 
Sofia, was opened this month. 


THe Mohammedan University at Cairo, 
Egypt, is celebrating the thousandth anniver- 
sary of its foundation. 


The British Medical Journal states that the 
professors of the medical faculty of the Uni- 
versity of Rome have at last succeeded in 
inducing the Italian parliament to give heed 
to their representations as to the inadequacy 
of salaries. The average amount of the sal- 
aries attached to the medical chairs is only 
£280, while the deputy professors and assist- 
ants are of course paid on a still lower scale. 
A bill has been introduced into the Chamber 
of Deputies providing for such an increase 
as will enable the professors to devote them- 
selves wholly to scientific work. 


New appointments have been made in the 
faculty of Bryn Mawr College as follows: 
Professor Robert Matteson Johnston succeeds 
Professor Charles M. Andrews, who has been 
appointed to the chair of colonial history in 
Johns Hopkins University. Professor Johns- 
ton, who is a graduate of the University of 
Cambridge, has been lecturer in history at 
Harvard University for the last three years 
and is a specialist in modern European his- 
tory. Professor Theodore de Leo de Laguna, 
of the University of Michigan, comes as pro- 
fessor of philosophy as a successor to the late 
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Professor David Irons, who died last January, 
Dr. Charles Clarence Williamson, recently 
university fellow in political economy at 
Columbia University, has been appointed as- 
sociate in political science, succeeding Pro- 
fessor Henry Raymond Mussey, who has been 
called to the University of Pennsylvania. Dr. 
George Shannon Forbes, of Harvard Univer- 
sity, and lately student in the universities of 
Berlin and Leipzig, has been appointed asso- 
ciate in chemistry. Dr. Daniel Webster 
Ohern, of the Johns Hopkins University, has 
been appointed associate in geology, succeed- 
ing Dr. Benjamin Le Roy Miller, who has 
been called to Lehigh University. Professor 
Florence Bascom, professor of geology, has 
returned after a year’s leave of absence in 
Europe. 


Proressor Lewis Enruarpt Reser, dean of 
the School of Engineering and professor of 
mechanical engineering of the Pennsylvania 
State College, has been appointed director of 
the university extension and correspondence 
study at the University of Wisconsin. 


Dr. Ratpu H. Curtiss, formerly of the Lick 
and more recently of the Allegheny Observa- 
tory, has been appointed assistant professor 
of astrophysics in the University of Michigan. 


Dr. ArtHuR W. WeysseE has given up his 
post in the department of biology of the 
Massachusetts Institute of Technology, as he 
wished to give his undivided attention to in- 
struction in Boston University. Dr. Percy 
G. Stiles, in addition to his work as 
instructor in physiology at the institute, will 
this year act as assistant professor at Simmons 
College. 


Tue vacancy in the department ef mining 
and metallurgy at Colorado College, in Colo- 
rado Springs, caused by the resignation of 
Dr. Thomas T. Read, who goes to the Imperial 
University, at Tientsin, China, has been filled 
by the appointment of Clyde T. Griswold, 4 
graduate of Amherst College and of Columbia 
University. During the past two years Mr. 
Griswold has been connected with the Can- 
adian Copper Company. 





